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<U)  The  SEATIDE  Analysis  Process  is  a semi-automated 
procedure  for  the  generation  of  time-phased,  high  value  cruise  missile 
weapon  systems  concepts,  together  with  the  supporting  technology  and 
intelligence  indicators  which  would  reflect  that  these  technological  goals 
are  being  achieved.  The  SEATIDE  process  can  also  be  used  to  evaluate 
the  effectiveness  of  fixed  force  levels,  existing  forces  in  SAL  environ- 
ments, or  Naval  defenses. 

<U)  The  Defense  Intelligence  Agency,  through  its  Directorate 
of  Estimates,  and  The  Advanced  Research  Projects  Agency  (ARPA)  have 
sponsored  the  development  of  this  computer  based  analysis  at  the  weapon 
system  and  Naval  force  structure  level.  A previous  process,  RIPTIDE, 
was  developed  for  DIA  for  use  in  analysis  of  strategic  missile  systems. 

<U)  Generic  to  the  SEATIDE  Analysis  Process  are  three 
major  computer  mode's:  The  Naval  Engagement  Model  (NEM),  Cruise 
Missile  Concept  Generation  and  Screening  Model  (CM-CGSM)  and  Relative 
Worth  Model  (RWM).  The  NEM  evaluates  force  effectiveness,  tactics,  and 
task  force  configurations;  the  CM-CGSM  enables  definition  and  selection 
of  candidate,  advanced  cruise  missile  system  concepts;  and  the  RWM  per- 
mits assessment  of  worth  in  accordance  with  a variety  of  objective  and 
subjective  criteria.  Each  of  these  models  has  been  checked  out  by  DIA. 

(U)  In  addition  to  exercising  the  computer  models,  there  are 
several  other  analytical  and  engineering  tasks  to  be  performed,  e.  g.  , the 
identification  of  areas  of  current  interest  and  the  associated  criteria  and 
potential  concepts,  the  creation  of  a foreign  technology  data  bank  in  a 
format  needed  by  the  computer  models,  the  engineering  of  concepts  to 
the  required  detail,  and  the  use  of  a verification  analysis  loop. 


I 


VOUGHT  SYSTEMS  D/WS/OA/ 

L 7 V 4£OQSP4Cf  CO&fZOBAT  / O^V 


TITLE 


RELATIVE  COST  MODEL  (RCM) 


VOLUME  V 


nATF  20  February  1975 


TABLE  OF  CONTENTS  - 


FOREWORD  j 

ABSTRACT  / 

TABLE  OF  CONTENTS 
LIST  OF  ILLUSTRATIONS 

i.  ^ introductionJT 

II.  ^RELATIVE  COST  MODEL  (RCM)  DEVELOPMENT 

2.  1 — Approach  and  Data  Sources 
2.  2 Airframe  and  Integration 
2. 3 Propulsion 
2.  4 Guidance  and  Controls  ^ 

2.  5 Warhead*: 

III.  ^RCM  STRUCTURE' 


11-28 

11-117 

11-132 


APPENDICES^ 

A.  SEATIDE  RELATIVE  COST  MODEL  TEST 
CASE  DEFINITION  AND  RESULTS' 

1.  Test  Cost  Definition 

2.  Naval  Engagement  Model  - Test  Case 
Results 


PREPARLD  BY 
APPROVED  BY/ 


TABLE  OF  CONTENTS  (Cont'd. ) 


SEATIDE  RELATIVE  COST  MODEL  TEST 
CASE  DEFINITION  AND  RESULTS  (Cont'd.) 

3.  Concept  Generation  and  Screening 
Model  - Test  Case  Results 

4.  Relative  Worth  Model  - Test  Case 
Results 

5.  General  Conclusions 

RELATIVE  COST  MODEL  - SOURCE  PROGRAM 
LISTING. 


A-2  1 

A-53 
A -61 

B-l 


1 

1 


t 

--  . 71.  ^ r-r-V* 

VOLUME  V 

i 

t 

i 

LIST  OF  ILLUSTRATIONS 

Figure  No. 

Title 

Page 

|l 

1 

Price  Indices  for  Military  Systems 

II  - 3 

[ 

2 

Airframe  and  Integration  Engineering  Cost 

11-16 

1 1 

[ 

3 

Airframe  and  Integration  Development  Cost 

11-17 

j 

1 

4 

Airframe  and  Integration  Flight  Operation 

Co  st 

11-18 

(1 

5 

Airframe  and  Integration  Tooling  Cost 

11-19 

ii 

6 

Airframe  and  Integration  Manufacturing 

Labor  Cost 

11-20 

• 

7 

Airframe  and  Integration  Manufacturing 
Material  Cost 

11-21 

: ; 

8 

Airframe  and  Integration  Quality  Assurance 
Co  st 

11-22 

i 

9 

Airframe  and  Integration  First  Unit  Pro- 
duction Engineering  Cost 

11-23 

jj 

10 

Airframe  and  Integration  First  Unit  Pro- 
duction Tooling  Cost 

11-24 

1 1 

Airframe  and  Integration  First  Unit  Pro- 
duction Manufacturing  Labor  Cost 

11-25 

12 

Airframe  and  Integration  First  Unit  Pro- 
duction Material  Cost 

11-26 

1 

13 

Airframe  and  Integration  First  Unit  Pro- 
duction Quality  Assurance  Cost 

II  -27 

14 

Solid  Rocket  Case  Labor  Cost 

11-37 

ft 

15 

Solid  Rocket  Case  Material  Cost 

11-38 

16 

Solid  Rocket  Insulation  Cost 

11-39 

17 

Solid  Rocket  Nozzle  Cost 

11-40 

18 

Solid  Rocket  Raw  Propellant  Cost 

11-41 

1 » 

19 

Solid  Rocket  Propellant  Loading  Cost 

11-42 

20 

Solid  Rocket  RDT  E Cost 

11-43 

L 

vii 

1 1 
I 

LIST  OF 

ILLUSTRATIONS  (Contd.  ) 

Figure  No. 

Title 

1 'age 

21 

Liquid  Rocket  Thrust  Chamber  First 

Unit  Cost 

11-55 

22 

Liquid  Rocket  Turbopump  First  Unit 

Cost  (Labor) 

11-56 

23 

Liquid  Rocket  Thrust  Chamber  First 

Unit  Cost  (Material) 

11-57 

24 

Liquid  Rocket  Gas  Generator  First  Unit 

Cost  (Labor) 

11-58 

25 

Liquid  Rocket  Gas  Generator  First  Unit 

Cost  (Material) 

11-59 

26 

Liquid  Rocket  Pressurization  System  First 
Unit  Cost 

11-60 

27 

Liquid  Rocket  Tankage  First  Unit  Cost 

II -6  1 

28 

Liquid  Rocket  Fuel /Oxidizer  First  Unit  Cost 

II  -62 

29 

Liquid  Rocket  Propellant  Loading  First 

Unit  Cost 

11-63 

30 

Liquid  Rocket  RDT  & E Cost 

11-64 

31 

Turbojet  Engine  Cost 

11-70 

32 

Turbojet  Tankage  Labor  Cost 

II -7  1 

33 

Turbojet  Tankage  Material  Cost 

11-72 

34 

Integral  and  Non -Integral  Ramjet  and  Turbo- 
jet Liquid  Fuel  Cost 

11-73 

35 

Turbojet  Fuel  Loading  Cost 

11-74 

36 

Turbojet  RDT  & E 

11-75 

37 

Integral  and  Non -Integral  Ramjet  Tank 

Labor  Cost 

11-87 

38 

Integral  and  Non-Integral  Ramjet  Tank 
Material  Cost 

11-88 

39 

Integral  and  Non -Integral  Ramjet  External 
Insulation  Cost 

11-89 

40 

Integral  and  Non -Integral  Gas  Tank  Cost 

11-90 

41 

Integral  and  Non -Integral  Ramjet  Solid 

Gas  Generator  Pressurization  System  Cost 

II -9  1 

LIST  OF  ILLUSTRATIONS  (Cont'd.) 


ire  No. 

Title 

Page 

42 

Integral  and  Non-Integral  Ramjet  Ram  Air 
Turbine  Pressurization  System  Cost 

11-92 

43 

Integral  and  Non-Integral  Ramjet  Fuel 
Loading  Cost 

11-93 

44 

Integral  Ramjet  Case  Labor  Cost 

11-94 

45 

Integral  Ramjet  Case  Material  Cost 

11-95 

46 

Integral  Ramjet  Case  Insulation  Cost 

11-96 

47 

Integral  Ramjet  Nozzle  Cost 

11-97 

48 

External  Booster  and  Integral  Ramjet 

Solid  Propellant  Cost 

11-98 

49 

External  Booster  Propellant  and  Integral 
Ramjet  Propellant  Loading  Cost 

11-99 

50 

Integral  Ramjet  RDT&E  Cost 

II  - 1 00 

51 

External  Booster  Case  and  Non-Integral 
Ramjet  Combustor  Labor  Cost 

11-105 

52 

External  Booster  Case  and  Non-Integral 
Ramjet  Combustor  Material  Cost 

11-106 

53 

External  Booster  Case  and  Non-Integral 
Ramjet  Combustor  Insulation  Cost 

11-107 

54 

Non-Integral  Ramjet  Nozzle  Cost 

11-108 

55 

Non-Integral  Ramjet  RDT&E  Cost 

11-109 

56 

External  Booster  Nozzle  Cost 

11-115 

57 

External  Booster  RDT&E  Cost 

11-116 

58 

Guidance  RDT&E  Cost 

11-118 

59 

Controls  RDT&E  Cost 

11-120 

60 

Guidance  First  Unit  Cost,  Pas  sive /Semi  - 
Active  Radar  Seeker 

11-122 

61 

Guidance  First  Unit  Cost,  Active  Radar 
(Magnetron) 

11-124 

62 

Guidance  First  Unit  Cost,  Passive  IR 
Seeker 

11-127 

ix 

LIST  OF  ILLUSTRATIONS  (Cont'd.) 


Figure  No.  Title  Page 

63  Controls  First  Unit  Cost  (with  Autopilot)  11-129 

64  Controls  First  Unit  Cost  (without  Autopilot)  11-131 

65  Warhead  RDT&E  Cost  11-133 

66  Warhead  First  Unit  Cost  11-135 

67  CGSM  Top  Level  Flow  III  - Z 

68  RCM  Top  Level  Flow  III  - 3 

A.  1-1  Case  1 - ASM  A-2 

A.  1-2  Case  2 - SSM  A-3 

A.  2-1  ASM  Test  Deployment  - Blue  and  Red 

Groups  T=0  A-8 

A.  2-2  ASM  Test  Deployment  - Blue  Group 

No.  1 T =0  A-9 

A.  2-3  ASM  Test  Deployment  - Blue  Group 

No.  3 T=0  A - 1 0 

A.  2-4  ASM  Test  Deployment  - Red  Groups 

T = -2  to  0 A - 1 1 

A.  2-5  ASM  Trade  Factors  A-13 

A.  2 -6  SSM  Test  Deployment  - Blue  and  Red 

Groups  T=0  A -15 

A.  2-7  SSM  Test  Deployment  - Blue  Group 

No.  1 T=0  A- 16 

A.  2-8  SSM  Test  Deployment  - Blue  Group 

No.  3 T=0  A-17 

A.  2-9  SSM  Test  Deployment  - Red  Groups 

T = -2  to  0 A- 18 

A.  2-10  SSM  Trade  Factors  A-20 


x 


LIST  OF  ILLUSTRATIONS  (Cont'd.) 


Figure  No. 

Title 

Page 

A.  3-1 

ASM  Test  Case  Input 

A -27 

A.  3-2 

ASM  Configuration  Results 

A-3  1 

a.  3-3 

ASM  Configuration  Performance 

A-32 

A.  3-4 

CGSM  Output  for  Level  1 - ASM  Screened 
on  Cost 

A-33 

A.  3-5 

ASM  Screening  Results  - Screened  on  Cost 

A -34 

A.  3-6 

ASM  Screening  Trends  - Effects  of  Speed 
and  Warhead  Variations 

A-35 

A.  3-7 

ASM  Screening  Trends  - Effects  of  Speed 
and  Total  Weight  Variations 

A-36 

A.  3-8 

SSM  Test  Case  Input 

A-37 

A.  3-9 

SSM  Configuration  Results 

A-4 1 

A.  3-10 

SSM  Configuration  Performance 

A-42 

A.  3-11 

CGSM  Output  for  Level  1 - SSM  Screened 
on  Cost 

A-43 

A.  3-12 

SSM  Screening  Results  - Screened  on  Cost 

A -44 

A.  3-13 

SSM  Screening  Trends  - Effects  of  Speed 
and  Warhead  Variations 

A-45 

A.  3-14 

SSM  Screening  Trends  - Effects  of  Warhead 
and  Total  Weight  Variations 

A-46 

A.  3-15 

CGSM  Output  for  Level  1 - SSM  Screened  on 
Weight 

A -47 

A.  3-16 

SSM  Screening  Results  - Screened  on  Weight 

A -48 

A.  3-17 

CGSM  Output  for  Level  1 - ASM  Screened  on 
Weight 

A-49 

A.  3-18 

ASM  Screening  Results  - Screened  on  Weight 

A -50 

A.  3-19 

SSM  Cruise  Speed  Screening  Results  - 
Comparison  of  Screen-to-Cost  versus  Screen- 
to -Weight 

A -5  1 

A.  3-20 

SSM  Warhead  Screening  Results  - Comparison 
of  Screen-to-Cost  versus  Screen-to-Weight 

A-52 

xi 


LIST  OF  ILLUSTRATIONS  (Cont'd.) 


Figure  No.  Title 


A.  4-1  RWM  Liquid  ASM  - Parameter  Trade  Factor 

Data 

A.  4 -2  RWM  Solid  SSM  - Parameter  Trade  Factor 

Data 

A.  4-3  RWM  Liquid  ASM  - System  Data 

A.  4-4  RWM  Solid  SSM  - System  Data 

A.  4-5  ASM  Trade  Factors 

A.  4-6  SSM  Trade  Factors 

A.  4-7  RWM  Liquid  ASM  - System  Ranking 

Sensitivity 

A.  4-8  RWM  Solid  SSM  - System  Ranking  Sensi- 

tivity 


LIST  OF  TABLES 


A.  2-1 
A.  2-2 


A.  2-3 


Value  Assigned  to  Units 
NEM-ASM  Test  Case  Results 
NEM-SSM  Test  Case  Results 


Page 


A-55 


A-55 
A -56 
A-56 
A-57 
A-58 


A-59 


A-59 


A-12 
A - 1 9 


VOLUME  V 


I.  INTRODUCT  ION 

On  28  June  1972,  the  Vought  Systems  Division,  a division  of  LTV 
Aerospace  Corporation,  contracted  with  the  Defense  Intelligence  Agency 
(DIA)  to  develop  the  SEAT IDE  Analysis  Process  in  support  of  the  DIA  Long 
Range  Forecast  Division  (DE-1).  The  SEATIDE  Analysis  process  is  de- 
fined to  be: 

. . . a semi- automated  procedure  for  the  generation  of 
time  phased,  high  value  naval  cruise  missile  concepts, 
together  with  the  supporting  technology  and  the  intelligence 
indicators  which  would  reflect  that  these  technological  goals 
are  being  achieved. ..." 

Generic  to  the  SEATIDE  Analysis  Process  are  three  major  com- 
puter models;  the  Naval  Engagement  Model  (NEM),  the  Cruise  Missile 
Concept  Generation  and  Screening  Model  (CM-CGSM),  and  the  Relative 
Worth  Model  (RWM). 

On  24  June  1974,  a modification  was  made  to  the  basic  SEATIDE 
contract  (Mod  P00008)  to  expand  the  existing  SEATIDE  methodology  to  in- 
clude a cruise  missile  relative  cost  model.  This  expansion  would  be 
done  within  the  Cruise  Missile  Concept  Generation  and  Screening  Model 
to  allow  screening  and  ranking  based  on  program  generated  relative  cost 
estimates  of  cruise  missiles  rather  than  the  use  of  missile  volume  and 
weight.  This  relative  cost  model  is  contractually  limited  to  cruise 
missile  RDT&E  and  first  unit  procurement  costs.  All  missiles  were 
costed  as  though  they  were  produced  in  the  U.S. 

It  is  recognized  that  this  relative  cost  model  does  not  address 
all  areas  of  missile  full  life  cycle  costs  or  address  costs  from  the 
Soviet  point  of  view.  These  limitations  were  necessary  due  to  budgetary 
restrictions  and  contractual  specifications. 
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This  volume  documents  the  development  of  the  relative  cost 
model.  It  contains  the  data  sources,  the  cost  estimating  relationships 
(CERs)  developed  from  those  data,  a parametric  exercise  of  each  CER 
over  a range  of  values,  and  a discussion  of  the  model  structure. 
Appendices  to  this  volume  contain  a program  listing  of  the  relative 
cost  model  and  the  results  of  two  test  cases  using  the  expanded  SEA- 
TIDE  process.  User  instructions  as  to  the  input/output  scheme  for  the 
updated  CM-CGSM  containing  the  relative  cost  model  are  found  in  Volume 
IIIA,  as  revised  on  20  February  1975. 
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II.  RELATIVE  COST  MODEL  (RCM)  DEVELOPMENT 


2.  1 APPROACH  AND  DATA  SOURCES 

The  purpose  of  the  RCM  is  to  provide  for  cruise  missile 
screening  and  ranking  within  the  SEATIDE  Concept  Generation  and 
Screening  Model  (CM-CGSM)  and  Relative  Worth  Model  (RWM)  on 
the  basis  of  missile  cost.  The  RCM  required  input  and  level  of 
detail  were  to  be  compatible  with  the  CM-CGSM.  The  RCM  was 
to  address  both  missile  system  RDT&E  and  first  unit  procurement 
costs.  Total  force  costing  over  a production  cycle  was  not  to  be 
included. 

Numerous  cost  data  sources  were  investigated  during  the 
RCM  development.  Primary  data  sources  were  the  CAMS  model 
(Reference  1),  the  ADTC  cost  model  (Reference  2),  the  Tactical 
missile  RDT&E  cost  model  (Reference  3),  and  RAND  studies  (Ref- 
erence 4 and  5).  Costing  equations  were  selected  for  use  which 
addressed  costs  at  a subsystem  level  of  detail  compatible  with  the 
CM-CGSM  design  options,  required  inputs  which  were  either  gen- 
erated in  the  CM-CGSM  or  could  be  easily  supplied  by  the  user, 
and  showed  sensitivity  to  missile  design  and  performance  parameters. 

After  the  cost -estimating  relationships  (CERS)  were  selected, 
each  was  modified  by  the  addition  of  three  cost  terms.  One  term 
allows  for  an  inflation  factor  to  be  input  for  use  in  adjusting  the 
cost  for  future  years.  Each  CER  was  normalized  to  compute  in 
1974  dollars  from  whatever  cost  base  the  original  cost  estimate 
addressed  so  that  the  inflation  factor  adjusts  cost  from  that  base. 
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Figure  1 displays  the  factors  used  for  these  adjustments  and  factors 
to  be  used  for  future  adjustments.  The  second  term  allows  for 
input  of  miscellaneous  costs  which  are  added  to  each  CER.  The 
primary  purpose  for  this  term  is  to  allow  the  user  to  control  the 
cost  estimate,  if  the  cost  of  the  subsystem  is  known  or  needs  to 
be  held  at  a constant  level.  The  third  term,  a complexity  factor, 
adjusts  the  cost  values  to  allow  for  differential  development  or 
manufacturing  complexities  or  state-of-the-art  increase  require- 
ments. 

The  RCM  is  broken  down  into  five  general  classes  of  sub- 
systems: (1)  airframe  and  integration,  (2)  propulsion,  (3)  guidance, 

(4)  controls,  and  (5)  warhead.  The  specifics  of  the  costing  equa- 
tions within  each  class  is  discussed  in  the  following  text.  Within 
this  text,  each  equation  is  assigned  a number  which  corresponds  to 
the  FORTRAN  statement  number  within  the  specific  RCM  subroutine 
that  costs  that  particular  subsystem.  For  example,  equation  ( S) 
under  the  liquid  rocket  propulsion  system  discussions  in  Section 
2.3.2  is  programmed  as  FORTRAN  statement  number  5 in  the  liquid 
rocket  propulsion  costing  subroutine  of  the  RCM. 
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FIGURE  1 

PRICE  INDICES  FOR  MILITARY  SYSTEMS  (U) 
1974  Base 


Fiscal 

Year 

All  Military 
Trocureirent 
Index 

All  Military 
RDT4F. 

Index 

Procurement 

Conversion 

Factor 

RDT&E 

Conversion 

Factor 

1963 

0.71746 

0.67531 

1.393 

1.481 

1964 

0.72213 

0.68410 

1.384 

1.46  2 

1965 

0. 74068 

0.69662 

1.350 

1.436 

1966 

0.75588 

0.71276 

1.323 

1.403 

1967 

0.77243 

0.73552 

1.295 

1.360 

1968 

0.79242 

0.76143 

1.262 

1.313 

1969 

0.81859 

0.  79576 

1.222 

1.257 

1970 

0.859  6 8 

0.84462 

1.163 

1.184 

1971 

0.90942 

0.89205 

1.100 

1.121 

1972 

0.94418 

0.92816 

1.059 

1.077 

1973 

0.97409 

0.96404 

1.027 

1.037 

1974 

1.00000 

1.00000 

1.000 

1.000 

1975 

1.067 

1.068 

0.937 

0.936 

1976 

1.122 

1.130 

0.891 

0.885 

1977 

1.176 

1.190 

0.850' 

0.840 

1978 

1.223 

1.245 

0.817 

0.803 

1979 

1.272 

1.302 

0.786 

0. 768 

1980 

1.323 

1.362 

0.756 

0.734 

1981 

1.376 

1.424 

0.727 

0.702 

1982 

1.431 

1.490 

0.699 

0.671 

1983 

1.488 

1.558 

0.672 

0.642 

Each  Year 
Thereafter 

42 
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REFS: 

4.  August  31,  19/J,  Budget  Guidance  Metnorandua,  FY  74,  Revised 
and  FY  7)  Guidance,  OSU  Controller's  Office, 

2.  April,  1973,  lolm  Beach,  OSI)  Controller's  Office,  via  Art 
Yengltng,  050  Cost  Analysis. 

3.  March  19,  1973,  Schneider , OSD  Cost  Analysis. 
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2.2 


AIRFRAME  AND  INTEGRATION 
2.2.1  Sources  and  Assumptions 

Airframe  and  integration  CER's  were  derived  from  results 
of  the  Rand  studies  documented  in  Reference  5.  CER's  presented  in 
that  document  are  sensitive  to  overall  missile  performance  (design 
speed),  to  missile  airframe  weight  (missile  weight  less  warhead, 
guidance,  control,  and  propulsion  systems  weights),  and  to  the 
number  of  missiles  developed  and  produced.  The  "airframe"  com- 
ponent of  airframe  and  integration  cost  includes  engineering,  develop 
ment,  tooling,  manufacturing,  testing  and  quality  assurance  cost 
terms  for  those  missile  subsystems  and  systems  normally  produced 
by  the  airframe  contractor.  The  "integration"  component  includes 
those  same  cost  terms  as  they  apply  to  integration  of  the  warhead, 
guidance,  control,  and  propulsion  systems  into  the  missile  airframe. 

The  RCM  CER's  were  developed  by  adding  inflation  factors, 
complexity  factors,  and  miscellaneous  cost  terms  to  the  Rand  cost 
equations.  Reference  5 contains  detailed  descriptions  of  each  CER's 
derivation,  data  source,  regression  analysis,  uncertainty,  and  limi- 
tations. Rand  CER's  are  based  on  aircraft  airframe  and  integration 
costs  but  are  widely  applied  to  cruise  missile  costing  and  have  been 
judged  to  be  acceptable  in  the  RCM  due  to  the  following  considerations 

(1)  CER's  in  Reference  5 are  based  on  AMPR  (Aero- 

nautical Manufacturer's  Planning  Report)  weight. 
AMPR  weight  is  the  dry  aircraft  weight  less  man- 
rating components,  armament,  fluids,  power  and 
electrical  equipment,  G&C  equipment,  propulsion 
subsystems,  and  wheels,  tires,  tubes,  and  brakes. 
AMPR  weight  thus  includes  only  aircraft  structure, 
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skin,  wings,  tails,  inlets,  ducting,  and  associated 
hardware.  The  complexity  and  cost  of  developing 
and  producing  those  AMI’ll  components  for  .1  cruise 
missile  is  assumed  to  be  comparable  to  that  for 
an  aircraft  with  the  same  design  speed. 

(2)  Rand  CER's  were  developed  using  cost  data  on  29 

post  World  War  II  aircraft  from  10  airframe 
contractors.  Those  aircraft  weighed  from  5000  to 
1 13,000  lb  and  were  designed  to  speeds  from  Mach 
0.5  to  Mach  2.2.  The  RCM  may  encounter  cruise 
missiles  outside  those  bounds  (less  than  5,  000  lb. 
in  weight  or  greater  than  Mach  2.  2 in  speed); 
however,  costs  gained  by  extrapolations  of  the 
Rand  CER's  to  those  RCM  configurations  are 
assumed  to  be  acceptable  for  relative  cost  screening. 

Complexity  factors  and  miscellaneous  cost  terms  are  provided  for 
each  RCM  CER  so  that  the  cost  output  can  be  adjusted  to  account 
for  exceptional  design  and  performance  problems  or  windfalls. 

2.2.2  RDT&E  CER's 

The  cost  for  airframe  and  integration  RDT&E  is  separated 
into  engineering,  development,  flight  test  operations,  tooling,  manu- 
facturing labor,  manufacturing  material,  and  quality  assurance. 

Airframe  contractor  profit  is  computed  as  a percent  of  the  sum  of 
those  cost  terms  and  is  then  added  to  the  total  RDT&E  cost.  Individual 
CER's  are  discussed  in  the  following  paragraphs.  Results  of  a para- 
metric variation  of  missile  airframe  weight  and  design  speed  on  the 
cost  output  from  each  CER  are  shown  on  the  figures  at  the  end  of 
Section  2.2.  Each  CER  is  assigned  an  equation  number  in  this  section 


which  can  be  correlated  to  a FORTRAN  statement  number  in  the  RCM 


subroutine  which  computes  those  cost  terms,  All  multipliers  and 
Rand  CER  coefficients  are  programmed  into  the  RCM  computer 
model  as  input  variables  and  can  be  changed  for  special  cases. 

All  RDT&E  CER's  include  a term  for  quantity  of  missiles  developed 
(0^).  Cost  is  then  cumulative  cost  through  units. 

Engineering  RDT&E  cost  is  computed  in  the  RCM  using 
the  following  equation: 


where: 


RENG 


RENG 


= . 001  a b c d e Af  S8  Q h + i d 


= Engineering  cost  in  thousands  of  dollars  for 
the  year  of  interest. 

= airframe  weight  (lb) 

= design  speed  (kts) 

= number  of  airframe  units  produced  during  the 
development  phase. 

= engineering  rate  in  1974  dollars  per  man  hour 

= technology  multiplier  used  to  increase  cost  when 
advances  are  required  in  the  state-of-the-art 
(SOA)  for  technology 

= development  multiplier  used  to  reduce  cost  when 
off-the-shelf  components  are  available 

= inflation  multiplier 

= 0.0396 

= 0.791 

= 1.526 

= 0. 183 

= miscellaneous  engineering  cost  in  thousands  of 
1974  dollars. 


(1) 

Fig.  2 
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The  variables  e through  h were  taken  from  Reference  5.  Plotted 
results  of  this  CER  for  a selected  set  of  variables  are  presented  in 
Figure  2.  Each  parameter  in  equation  (1)  is  programmed  into  the 
RCM  and  can  be  changed  for  a given  missile  through  a simple 
input  procedure  (including  the  coefficients  e through  h). 

Development  RDT&E  cost  is  defined  as: 


where: 


RDEV 


RDEV 


b 

c 

d 

e 

f 


1.163  a b c A S6  Q ^ + bg 
1000  D 


development  cost  in  thousands  of  dollars 
for  the  year  of  interest 

complexity  factor  used  to  adjust  cost  for 
exceptional  development  problems  or 
windfalls. 

inflation  multiplier 

0. 008325 

0.  873 

1.89 

0.  346 

miscellaneous  cost  in  thousands  of  1974  dollars. 


(2) 

Fig.  3 


The  variables  A,  S,  and  are  the  same  as  in  equation  (1),  while 
c through  f are  taken  from  Reference  5.  Plotted  output  of  this 
CER  for  variable  A and  S are  presented  in  Figure  3.  All  variables 
are  input  to  the  RCM  computer  model. 

Flight  test  operations  RDT&E  cost  is  defined  by  the  CER: 


where: 


RFTO 


RFTO 


= 1.  163  a b c Ad  S6  Q f + bg 

1000  D 


(3) 

Fig.  4 


= flight  test  operations  cost  in  thousands  of  dollars 
inflated  to  the  year  of  interest 

= complexity  factor  used  to  adjust  cost  for  excep- 
tional flight  test  problems  or  windfalls. 

= inflation  multiplier 
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where: 


CRTOOL  = toolin8  cost  in  thousands  of  dollars 

a = tooling  labor  rate  in  1974  dollars  per  man  hour 

b = technology  factor  used  to  increase  cost  when 

advances  are  required  to  the  SOA  which  increase 
tooling  complexity 

c = complexity  factor  used  to  decrease  cost  when 

existing  tooling  can  be  used 

d = inflation  multiplier 

e = 4.01Z7 

f = 0.764 

g = 0.899 

h =0. 178 

i = 0.066 

j = miscellaneous  tooling  cost  in  thousands  of  1974 

dollars 

R = production  rate  in  missiles  per  month 

The  variables  A,  S,  and  are  defined  during  the  discussion  of 

Equation  (1),  while  e through  i are  developed  in  Reference  6.  A 

1 _ r i i • ...  . _ 


c = 0.001244 

d = 1.16 

e = 1.371 

f =1.281 

g = miscellaneous  cost  in  thousands  of  1974  dollars 

The  variables  A,  S,  and  are  defined  in  the  discussion  of  Equation 
(1),  while  c through  f are  derived  in  Reference  5.  Plotted  output 
of  this  CER  for  variable  A and  S are  presented  in  Figure  4. 

Tooling  RDT&tE  cost  is  defined  by  the  relationship: 

CRTOOL  = -001abcdeA  Sg  Qd  R1  + jd 


Manufacturing  labor  RDT&tE  cost  is  computed  in  the 


c ,_T  = . 001  a b c d Ae  Sf  Q_g  + ch 

RMFGL  D 


(5) 

Fig.  6 


where: 


C)  , = manufacturing  labor  cost  in  thousands  of  dollars 

RMFGL  ° 

for  year  of  interest 

a = manufacturing  labor  rate  in  1974  dollars  per 

man  hour 

b = complexity  factor  used  to  adjust  cost  for 

exceptional  manufacturing  problems  such  as  those 

caused  by  technology  advances  or  material 
changes 

c = inflation  factor 

d = 28.984 


f = 0.  543 

g =0.  524 

h = miscellaneous  manufacturing  labor  cost  in  thousands 

of  1974  dollars. 

The  variables  A,  S,  and  are  defined  in  the  discussion  of  Equation 
(1),  while  d through  g are  developed  in  the  study  of  Reference  5.  A 
plot  of  manufacturing  labor  cost  is  included  for  variable  A and  S 
(see  Figure  6). 


CER: 


Manufacturing  material  RDT&E  cost  is  computed  by  the 


CRMFCM  = 1^63  a b c Ad  S"  QQf  t bg 


(6) 

Fig.  7 


where: 


RMFGM 


= manufacturing  material  cost  in  thousands  of  dollars 

= complexity  factor  used  to  adjust  cost  for  changes 
in  material  used  for  airframe  components 

= inflation  factor 


= 37.632 
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d 


0.  689 
0.  624 


f 

g 


= 0.792 

- miscellaneous  manufacturing  material  cost 
in  thousands  of  1974  dollars. 


The  variables  c through  f were  drawn  from  Reference  5.  A and  S 
are  defined  in  the  discussion  of  Equation  (1).  A plot  of  manufacturing 
material  cost  for  variable  A and  S is  included  as  Figure  7. 


Airframe  and  integration  quality  assurance  cost  for  RDT&E 
is  defined  by  the  CER: 


CRQA 

where: 

CRQA 

CRMFGL 


a 

b 

c 

d 


a b C 


RMFGL 


+ cd 


(7) 

Fig.  8 


quality  assurance  cost  in  thousands  of  dollars 

manufacturing  labor  RDT&E  cost  (see  Equation 

(5)). 

complexity  factor  for  quality  assurance 
0.  13 

inflation  multiplier 

miscellaneous  quality  assurance  cost  in  thousands 
of  1974  dollars. 


The  parameter  b was  derived  in  Reference  5.  A plot  of  quality 
assurance  cost  for  variable  A and  S (variable  manufacturing  labor 
cost)  is  presented  in  Figure  8. 

Total  RDT&E  cost  is  compiled  in  the  RCM  by  summing 
all  components  and  applying  a profit  margin,  a complexity  factor, 
and  a miscellaneous  cost  term. 


The  CER  for  RDT&E  total  cost  is: 


CRAFI 


a (1  + P)  (CRENG  + CRDEV  + C RFTO  + CRTOOL 
+ CRMFGL  + CRMFGM  + CRQA)  + b C 
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= total  RDT&.E  cost  in  thousands  of  dollars 

- complexity  factor  for  total  cost 

- inflation  factor 

= miscellaneous  cost  term  for  total  RDT&E  cost 
measured  in  thousands  of  1974  dollars 

= profit  margin  (fraction)  for  the  airframe  contractor 
2.2.3  Production  CER's 

The  cost  for  airframe  and  integration  first  unit  production 
is  separated  into  engineering,  tooling,  manufacturing  labor,  manufactur 
ing  material,  and  quality  assurance.  Airframe  contractor  profit  is 
computed  as  a per  cent  of  the  sum  of  those  cost  terms  and  is  then 
added  to  the  total  production  cost.  Individual  CER's  are  discussed 
in  the  following  paragraphs.  Results  of  a parametric  variation  of 
missile  airframe  weight  and  design  speed  on  the  cost  output  from  each 
CER  are  shown  on  figures  at  the  end  of  Section  2.2.  Each  CER  is 
assigned  an  equation  number  in  this  section  which  can  be  correlated 
to  a FORTRAN  statement  number  in  the  RCM  subroutine  which 
computes  those  cost  terms.  All  multipliers  and  Rand  CER  coefficients 
are  programmed  into  the  RCM  computer  model  as  input  variables 
and  can  be  changed  for  special  cases. 

The  CER's  documented  in  Reference  5 are  based  on  cumu- 
lative cost  through  a set  number  of  units.  The  first  production 
unit  is  actually  missile  number  4 1>  where  is  the  total  number 
of  missiles  required  for  the  RDT&E  phase.  Cost  of  the  first  pro- 
duction unit  is  then  the  cumulative  cost  for  + 1 units  minus 

the  cumulative  cost  for  units.  That  subtraction  is  present  in 
all  CER's  in  this  section. 
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r- 


where: 


RAFI 


a 

b 

c 


Engineering  first  unit  production  cost  is  computed  in  the 
RCTM  using  the  following  equation: 


'PENG 


= .001  abcde 


Af  S* 


«qd  + 


1)  -QD)Hd 


(8) 

Fig. 


where: 

CPENG 

A 

S 


a 

b 


c 

d 

e 

f 

g 

h 


engineering  cost  in  thousands  of  dollars  for  the 
year  of  interest. 

airframe  weight  (lb) 

design  speed  (kts) 

number  of  airframe  units  required  for  the  develop- 
ment phase 

engineering  rate  in  1974  dollars  per  man  hour 

technology  multiplier  used  to  adjust  cost  when 
advances  are  required  in  the  SOA. 

complexity  factor  used  to  reduce  cost  when  off- 
the-shelf  components  are  available. 

inflation  multiplier 

0. 0396 

0.  791 

1.  526 
0.  183 


i 


miscellaneous  engineering  cost  in  thousands  of 
1974  dollars. 


Variables  e through  h were  developed  in  Reference  5.  A plot  of 
engineering  production  cost  for  variable  A and  S is  enclosed  as 
Figure  9.  Each  CER  parameter  can  be  changed  for  a given  RCM 
job  through  a simple  input  procedure. 


Airframe  and  integration  tooling  first  unit  production  cost 
is  given  by: 

cptool  = • 001  a b c d e Af  sg  <(QD  + Hh  - QDh)  R1  + j d (9) 

Fig. 


PTOOL 


where: 


CPTOOL 

a 

b 


c 


d 

e 

f 

g 

h 

i 

J 

R 


tooling  cost  in  thousands  of  dollars 

tooling  labor  rate  in  1974  dollars  per  man  hour 

technology  factor  used  to  increase  cost  when 
advances  are  required  to  the  SO  A which  increase 
tooling  complexity 

complexity  factor  used  to  decrease  cost  when 
existing  can  be  used. 

inflation  multiplier 

4.0127 

0.  764 

0. 899 

0.  178 

0.  066 

miscellaneous  tooling  cost  in  thousands  of  1974 
dollars 

production  rate  in  missiles  per  month 


Variables  A,  S,  and  are  defined  in  the  discussion  of  Equation 
(8),  while  e through  i are  derived  from  Reference  5.  A plot  of 
tooling  cost  for  variable  A and  S is  included  as  Figure  10. 


Manufacturing  labor  cost  for  first  unit  production  is: 
CPMFGL  = ■ 001  a b c d Ae  Sf  ((QD  + l)8  - C^8)  + c h 

where: 


(10) 
Fig.  11 


C 

PMFGL 


manufacturing  labor  cost  in  thousands  of  1974 
dollars 


a 


b 


c 


manufacturing  labor  rato  in  1 9 74  dollars  per 
man  hour 

complexity  factor  used  to  adjust  cost  for 
exceptional  manufacturing  problems  such  as 
those  caused  by  technology  advances  or  material 
changes 

inflation  factor 
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d 


e 

f 

g 

h 


= 28.984 

= 0.  74 

= 0.543 

= 0.524 

= miscellaneous  manufacturing  labor  cost  in  thousands 
of  1974  dollars 


The  variables  A,  S,  and  are  defined  in  the  discussion  of  Equation 
(8),  while  d through  g are  developed  in  the  study  of  Reference  5.  A 
plot  of  manufacturing  labor  cost  is  included,  for  variable  A and  S, 
as  Figure  1 1 . 


Manufacturing  material  first  unit  production  cost  is 
computed  through  the  CER: 


CPMFGM 


1.  163  a b c Ad  SC  ((Q  + l)f  - Q f)  + b g 

1000  U D 


(1 

Fi 


where: 


CPMFGM 

a 

b 


manufacturing  material  cost  in  thousands  of 
dollars  of  the  year  of  interest 

complexity  factor  used  to  adjust  cost  for  changes 
in  material  used  for  airframe  components. 

inflation  factor 


c = 37.632 

d = 0.689 

e = 0.624 

f = 0.792 


miscellaneous  manufacturing  material  cost  in 
thousands  of  1974  dollars 


Variables  e through  f were  developed  in  Reference  5.  A and  S are 
defined  in  the  discussion  of  Equation  (8).  A plot  of  manufacturing 
material  cost  for  variables  A and  S is  included  as  Figure  12. 
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37: 


Quality  assurance  cost  for  first  unit  production  is  defined 


* b CPMFGL  ' C d 


(U) 

Fig.  13 


where: 


CpQA  = quality  assurance  cost  in  thousands  of  dollars 

^PMFGL  = manufacturing  labor  first  unit  cost  (see 
Equation  (10)). 

a = complexity  factor  for  quality  assurance 

b = 0.13 

c = inflation  multiplier 

d = miscellaneous  quality  assurance  cost  in  thousands 

of  1974  dollars 

The  parameter  b was  derived  in  Reference  5.  A plot  of  quality 
assurance  cost  for  variables  A and  S (variable  manufacturing  labor 
cost)  is  presented  in  Figure  13. 

Total  first  unit  production  cost  is  compiled  in  the  RCM 
by  summing  all  components  and  applying  a profit  margin,  a complexity 
factor,  and  a miscellaneous  cost  term.  The  CER  for  that  total  cost 


PA  FI 


where: 


'PA  FI 


a (1  + P)  (CPENG  + CPTooL  + CPMFGL 
+ CPMFGM  + CPQA)  + b C 


- total  first  unit  production  cost  in  thousands  of 
dollars 

= complexity  factor  for  total  cost 
= inflation  factor 

= miscellaneous  cost  term  for  total  cost  measured 
in  thousands  of  1974  dollars 

- profit  margin  (fraction)  for  the  airframe  contractor 
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FIGURE  2 

AIRFRAME  AND  INTEGRATION  ENGINEERING  COST  (U) 


Reference:  Equation 


1 


Section  2.2.2 
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d = 1 
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CRENG  26 
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FIGURE  3 

AIRFRAME  AND  INTEGRATION  DEVELOPMENT  COST  (U) 
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FIGURE  4 

AIRFRAME  AND  INTEGRATION  FLIGHT  TEST  OPERATIONS  COST  (IJ) 
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FIGURE  5 

AIRFRAME  AND  INTEGRATION  TOOLING  COST  (U) 


Reference:  Equation 
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FIGURE  6 

AIRFRAME  AND  INTEGRATION  MANUFACTURING  LABOR  COSTS  (U) 


Reference:  Equation  5 Section  2.2.2 
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FIGURE  7 

AIRFRAME  AND  INTEGRATION  MANUFACTURING  MATERIAL  COST  (U) 


Reference:  Equation  6 Section  2.2.2 
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1.  163  a b 
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FIGURE  8 

AIRFRAME  AND  INTEGRATION  QUALITY  ASSURANCE  COST  (U) 
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FIGURE  9 

AIRFRAME  AND  INTEGRATION  FIRST  UNIT 
PRODUCTION  ENGINEERING  COST  (U) 
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FIGURE  11 

AIRFRAME  AND  INTEGRATION  FIRST  UNIT 
PRODUCTION  MANUFACTURING  LABOR  COST  (U) 
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FIGURE  12 

AIRFRAME  AND  INTEGRATION  FIRST  UNIT 
PRODUCTION  MANUFACTURING  MATERIAL  COST  (U) 


Reference: 


Equation H Section  2.2.3 


'PMFGM 


1. 163  a b 
1000 


Ad  SC 


((Qt 


l)'792  - Q 


. 792 


D 


)] 


Assuming: 


a = 1 
b = 1 
c = 37.632 


d = .689 
e = .624 
f = .792 


0 

20 


this  becomes: 


1.  163 


'PMFGM 


1000 


[37. 632  A* 689  S' 


624((QD  + 1)-792 


Q 


PMFGM 

($K) 


A (LBS) 


A (LBS) 


2.3  PROPULSION 


This  section  presents  the  cost  equations  (CER's)  for  the 
solid  sustainer  motor,  liquid  rocket,  turbojet,  integral  ramjet, 
non-integral  ramjet,  and  external  booster  propulsion  systems. 

For  each  type  of  propulsion  system,  cost  equations  are  first 
presented  for  system  components.  These  are  then  combined  to 
arrive  at  a propulsion  system  first  unit  cost.  A CER  is  then 
given  for  system  RDT&E  cost  and  finally  the  total  propulsion 
system  cost  (first  unit  plus  RDT&E)  is  presented. 

Where  a CER  contains  a propulsion  system  parameter 
such  as  thrust,  motor  weight,  etc.  , which  is  communicated 
from  the  CGSM,  a range  of  typical  values  for  the  parameter  is 
shown.  Plots  for  most  of  the  CER's  using  the  typical  values 
for  propulsion  system  parameters  are  presented  at  the  end  of 
each  propulsion  system  section.  All  of  the  equations  used  were 
obtained  from  references  cited  or  from  vendor  data  obtained 
by  VSD  on  other  contracts.  Equations  taken  directly  from  cited 
references  were  modified  as  follows: 

1.  Terminology  was  changed  to  agree  with  that  used 
in  the  CGSM. 

2.  All  costs  were  converted  to  1974  dollars. 

3.  Factors  were  added  to  allow  the  user  to  increase 
the  cost  due  to  exceptional  problems  in  manufacture 
or  to  reduce  the  cost  because  of  unexpected  windfalls. 
A factor  was  also  added  to  allow  conversion  from 
1974  dollars  to  some  other  year  of  choice. 

4.  A factor  was  added  to  account  for  vendor  profit. 

Equations  for  tankage  cost  were  developed  from  vendor 
data  and  adjusted  as  outlined  in  the  above  steps.  In  addition,  for 
tankage  costs,  the  overall  costs  were  broken  down  into  tank  labor 
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cost  and  tank  material  cost  so  that  multiplying  factors  from  Ref- 
erence  J could  be  applied  to  estimate  costs  for  other  tankage 
' materials  (the  vendor  data  were  for  tanks  constructed  from  6A14V 

Titanium).  This  procedure  is  discussed  in  Section  2.3.2,  Liquid 
Propulsion  System. 

The  details  pertaining  to  each  propulsion  system  are  pre- 
sented in  the  following  sections. 


H 


SOLID  PROPULSION  SUSTAINER 


2.3.1.  1 Motor  Case 


bv  the 


Tlu'  cost  of  the  sustainer  rocket  motor  case  is  given 
following  three  equations. 

= 1.1a/  b \CW.„ 


where 


= 0.008166 
= 140 

= 0. 333 

= case  labor  cost,  thousands  of  1974  dollars 
= weight  of  the  motor  case  (75-1500),  lbm. 


(1) 

Fig.  14 


The  values  for  the  constants  b and  c were  taken  directly 
from  Reference  1.  The  coefficient,  a,  is  a combination  of  coefficients 
appearing  in  the  equation  taken  from  Reference  1 and  its  derivations 
is  explained  below.  A similar  derivation  of  the  final  coefficients  was 
done  for  other  equations  taken  from  Reference  1.  However,  the 
derivations  are  similar  in  all  cases  and  the  details  of  the  derivations 
will  not  be  repeated  for  any  of  the  subsequent  equations  reported 
herein.  Thus,  the  original  equation  for  the  motor  case  labor  cost 
is  given  below: 


= (AC  x CF  (I))  / 1 4 0 \°’  (W„)  /6000\°-0291 

re/  nn 


where: 


CF(I) 


= case  labor  cost,  thousands  of  dollars 
= labor  rate  in  dollars/lb  = 0.  00634 
= fabrication  complexity  factor  = 1 
= case  weight,  lbm 
= number  of  units  manufactured 

The  term  / 6000\  , is  a learning  curve  expression. 
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Since  all  cost  equations  reported  herein  are  for  the  first  unit,  the 
above  expression  results  in  a value  of  1.288.  The  factor,  1.1 
in  Equation  1,  converts  the  cost  obtained  from  the  original  Reference 
1 equation  from  1971  to  1974  dollars.  A plot  or  typical  case  labor 
cost  appears  in  Figure  14  at  the  end  of  this  section. 


The  case  material  cost  is  given  by: 


'BMC 


where: 


= I-  1 a / b_ 

\W_ 


= 0.02022 
= 140 

= 0.333 


'BMC 


- case  material  cost,  thousands  of  1974  dollars. 


Figure  15  is  a plot  of  typical  case  material  cost. 


The  total  case  cost  then  becomes: 


(2) 

Fig.  15 


CASE 


= a (C  + C ) + b 
v BLC  BMC 


where: 

a = factor  used  to  adjust  for  exceptional  problems 

or  windfalls. 

b = miscellaneous  cost,  thousands  of  1974  dollars 

^CASE  = case  cost*  thousands  of  1974  dollars. 

The  case  insulation  cost  is  given  by: 


= a b ( 


1'1,fe-fDpt 


where: 


L 


= factor  used  to  adjust  insulation  cost  for  excep- 
tional problems  or  windfalls 

= 0.001039 


= 0. 333 


(4) 

Fig.  16 
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= miscellaneous  cost  term  in  thousands  of  1974 
dollars . 


LI 


= insulation  cost  in  thousands  of  1974  dollars 
- insulation  volume  (250-5000),  cubic  inches 


The  value  for  the  constant,  b is  the  product  of  the  base  cost  per 


cubic  inc^  of  insulation  and  liner  and  the  value  of  the  learning  curve 

ooo\r 

Q I 


term,  / 1 000\  . The  constant,  1.  1 converts  from  1971  to  1974 


dollars . 


2,  3.  1.2 


Typical  case  insulation  cost  is  shown  in  Figure  16. 
Nozzle 

The  nozzle  cost  is  given  by: 


"NOZ 


a b (3.  3)  (W  1 (c  + d D + e R ) + f 

n'  thrt  nozi' 


where: 


b 

c 

d 

e 

f 


0.  001755 
4. 6788 
1.4045 
1. 5487 


miscellaneous  cost  term  in  thousands  of  1974 
dollars. 


NOZ 


W 


N 


D 


THRT 


R. 


nozzle  cost  in  1974  thousands  of  dollars 
nozzle  weight  (1  5-300),  lbm 
nozzle  throat  diameter  (1.13-5.04),  inches 
nozzle  inlet  radius  (1.70-7.56),  inches 


(1.1)  and  a complexity  factor  (3)  for  a pintle  nozzle.  The  constant, 
b is  the  product  of  the  learning  curve  term,  |2000j°‘  074  and  the 

_3 

conversion  to  thousands  of  dollars  (10  ). 


Figure  17  is  a plot  of  typical  nozzle  cost. 


( r ' 

Mg  r 


factor  used  to  adjust  nozzle  cost  for  exceptional 
problems  or  windfalls. 


NOZI 

The  constant,  3.3  is  the  product  of  the  1971  to  1974  inflation  factor 


i 
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2.  3.  1.  3 


Propellant 


The  mixed  propellant  cost  is  given  by: 


CPRC 


where: 


a 


b 

c 

d 

e 

f 

g 


CPRC 


W 


P 


(D  + g 


(6) 

Fig. 


factor  used  to  adjust  propellant  cost  for  exceptional 
problems  or  windfalls. 

100, 000 

32. 006 

0.  069 

1000 

cost  per  pound  of  propellant  in  1974  dollars. 

miscellaneous  cost  term  in  thousands  of  1974 
dollars. 

mixed  propellant  cost  in  thousands  of  1974 
dollars. 

propellant  weight  (425-8500),  lbm 


The  factor  c was  derived  from  the  factor,  AMR  appearing  in 
Reference  1 which  is  the  average  monthly  rate  expressed  in  terms 
of  number  of  missiles  as  follows: 


AMR  = 0.  2587  + 37.  0680Q  - 5.  8389Q2  + 0.  5185Q3 


which  reduces  to  a value  of  32.006  for  Q = 1. 
Typical  propellant  cost  is  shown  in  Figure  18. 

The  propellant  loading  cost  is  given  by: 

CpLc  = 

where: 


(7) 

Fig. 


a 


factor  used  to  adjust  propellant  loading  cost  for 
exceptional  problems  or  windfalls. 


b = 0.00343 

c = 100000. 


d 


= 32.  006  (see  explantion  for  equation  6) 


e 

f 


PLC 


= 0. 387 

= miscellaneous  cost  term  in  thousands 
dollars. 


= propellant  loading  cost  in  thousands  of 
Figure  19  illustrates  typical  propellant  loading  cost. 

2.3.  1.4  Safe/Arm  and  Igniter 


of  1974 

1974  dollars 


The  cost  of  the  safe  and  arm  system  is  given  by: 


C 


SA 


where: 


a 


a 


(8) 


an  assigned  value  for  safe  and  arm  cost  in 
thousands  of  1974  dollars.  A value  of  .175  is 
used. 


The  igniter  cost  is  given  by: 


CIGN 

where: 


a 


(9) 


a = an  assigned  value  for  igniter  cost  in  thousands 

of  1974  dollars.  A value  of  . 350  is  used. 

2.  3.  1.5  Motor  First  Unit  Cost 

The  first  unit  cost  for  the  solid  motor  is  given  by: 


SRFU 


= a 


where: 


11  tPSPC>{b(I-15,[C 


CASE  + °LI  + CNOZ 


f CPRC  + CPLC  + CSA  f CIGN 


(10) 


inflation  factor  used  to  adjust  cost  from  1974 
dollars  to  year  of  interest. 

factor  used  to  adjust  first  unit  cost  for  exceptional 
problems  or  windfalls. 
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c 


miscellaneous  cost  term  in  thousands  of 
1974  dollars. 


CSRFU 


total  solid  motor  cost  in  thousands  of  1974 
dollars . 


1* 


SPC 


contractors  percent  profit 


The  factor,  1.15  is  for  a 15%  cost  of  integrating  the  motor  components. 
2. 3.  1. 6 RDT&E  Cost 


The  solid  motor  RDT&E  cost  equation  was  obtained 
by  curve  fitting  data  from  Reference  6.  This  graph  is  shown  in 
Figure  20  and  the  equation  for  the  curve  is: 

COST  = 14392  jj(D)  (WM) 

where: 


J 0. 4263 


COST  = motor  RDT&tE  cost  in  1964  dollars 

D = motor  diameter,  inches 

W = motor  weight,  Ibm 

After  adjusting  the  equation  for  use  in  the  cost  model,  it  becomes: 

CSRRD  = a'ItPSPC)[bC[DHWM)]d(1-4<>2'+e) 

where: 


(11) 

Fig.  20 


a 


b 


c 

d 

e 


C 

P 


SRRD 

SPC 


D 


W 


M 


inflation  factor  used  to  adjust  cost  from  1974 
dollars  to  year  of  interest. 

factor  used  to  adjust  RDT&E  cost  for  exceptional 
problems  or  windfalls 

16. 551 

0.4263 

miscellaneous  cost  term  in  thousands  of  1974 
dollars . 

RDT&E  cost  in  thousands  of  1974  dollars, 
contractors  profit  margin  (fraction) 
motor  diameter  (12-36),  inche  } 
motor  weight  (500-10,000),  lbm 
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The  factor,  c is  derived  from  the  original  coefficient,  14392,  by 
multiplying  by  the  factor  for  converting  to  1974  dollars  dividing  by 
1000  to  convert  to  thousands  of  dollars  and  multiplying  by  a factor 
of  1.15  to  account  for  the  added  complexity  of  developing  a pintle 
nozzle. 

Figure  20  shows  typical  RDT&E  cost. 

2.3.  1.7  Total  Motor  Cost 


The  total  motor  cost  is  the  sum  of  the  First  Unit  Cost 
and  the  RDT&E  cost.  Thus: 


FIGURE  14 

SOLID  ROCKET  CASE  LABOR  COST  (U) 


Assum 


this  becomes 


FIGURE  15 

SOLID  ROCKET  CASE  MATERIAL  COST  (U) 


Reference:  Equation 


Section  2.  3.  1 


BMC 


suming 


02022 


this  becomes 


1.  1 (.  02022)  ( 


D 


( cu.  in. ) 


FIGURE  17 

SOLID  ROCKET  NOZZLE  COST  (U) 


Reference:  Equation 


NOZ 


THRT 


NOZI 


As  sumin 


d = 1.4045 


NOZI 


4. 6788 


3.3  (.001755)  W ( 4.6788  + 1.4045  D 


NOZ 


THRT 


THRT 


FIGURE  18 

SOLID  ROCKET  RAW  PROPELLANT  COST  (U) 


Reference:  Equation  6 


Assuming 


b = 100000 


100000 


FIGURE  19 

SOLID  ROCKET  PROPELLANT  LOADING  COST  (U) 


Reference:  Equation 


Assumin 


100000 


this  becomes 


100000 


1.  1 (.00343)  W ( 


FIGURE  20 

SOLID  ROCKET  RDT&E  COST  (U) 


Reference:  Equation  11 


4263 


2.  3.  2 


Liquid  Propulsion  System 


m 


The  following  equations  are  for  the  liquid  propulsion 
system  which  consists  of  a pump-fed  engine  and  a regeneratively 
cooled  thrust  chamber.  Tank  pressurization  for  providing  the 
necessary  pump  net  positive  suction  head  is  provided  by  stored 
nitrogen  gas.  All  equations  except  where  indicated  were  taken 
from  Reference  8.  All  equations  in  Reference  8 are  for  the 
100th  unit.  They  were  converted  to  first  unit  costs  by  multiplying 
by  the  factor,  3.85  as  recommended  in  the  reference. 


2.  3.  2.  1 


Thrust  Chamber 

The  thrust  chamber  labor  cost  is  given  by: 
.c 


'LTC 


where: 


a 

b 

c 

C 

W 


LTC 


TC 


= a b (W  ) 

TC 

1000 

= the  labor  rate,  dollars/hour 
= 639.  1 
= 0.5 

= thrust  chamber  labor  cost  in  thousands  of  1974 
dollars . 

= thrust  chamber  weight  (20-200),  lbm 


The  thrust  chamber  material  cost  is  given  by: 

.b 


'MTC 


1. 35  a (V\r  )‘ 
i TC; 


(1) 


where: 


MTC 


1000 


= 201 
= 0.75 

= thrust  chamber  material  cost  in  thousands  of 
1974  dollars. 


(2) 


The  total  thrust  chamber  cost  is  then 
C 


TC 


3 *CLTC  + CMTC)  + b 


(3) 

Fig.  21 


! 
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r. 


where: 


TC 


= factor  to  adjust  thrust  chamber  cost  for  excep- 
tional problems  or  windfalls. 

= miscellaneous  cost  in  thousands  of  1974  dollars. 

= total  thrust  chamber  cost,  thousands  of  dollars 


Figure  21  is  a plot  of  thrust  chamber  cost  for  typical  chamber  weights. 
2.  3. 2.  2 Turbopump 


The  turbopump  labor  cost  is  given  by: 

,c 


LTP 


- a b 


1000 


(W  - W 
' TP  GG 


W 1 
SC ' 


(4) 

Fig.  22 


where 


a 

b 

c 

C 

w 

w 

w 


LTP 

TP 

GG 

SC 


= labor  rate,  dollars  per  hour 

= 234.9 
= 0. 63 

= turbopump  cost  in  thousands  of  1974  dollars. 
= turbopump  weight  ( 70-150),  lbm 
= gas  generator  weight  (2-20),  lbm 
= start  cartridge  weight  (5-10),  lbm 


The  weights  of  the  gas  generator  and  start  cartridge  are  subtracted 
from  in  equation  (4)  because  the  value  of  WTp  as  it  is  calculated  in 

the  CGSM  includes  the  gas  generator  and  start  cartridge  weights  whereas 
the  cost  equation  from  Reference  8 is  for  just  the  bare  turbopump.  The 
costs  of  the  gas  generator  and  start  cartridge  are  calculated  in  later 
equations. 

Figure  22  is  a plot  of  turbopump  labor  costs  using  the  above  equation. 


The  turbopump  material  costs  are  calculated  by: 

.b 


MTP 


= 1. 35  a (W 

1000 


TP 


W 


GG 


W ) 

sc’ 


(5) 

Fig.  23 
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where: 


MTP 


= 340.7 

= 0.81 

= turbopump  material  cost,  thousands  of  1974 
dollars. 


Turbopump  material  cost  is  plotted  in  Figure  23.  The  gas  generator 
and  start  cartridge  labor  cost  is  given  by: 


where: 


= a b (W  + W ) 

Tooo  GG  sc 


= labor  rate,  dollars  per  hour 


(6) 

Fig.  24 


b = 361.9 

c = 0.  5 

C = gas  generator  and  start  cartridge  cost,  thousands 

G of  1974  dollars. 

A plot  of  equation  (6)  is  shown  in  Figure  24.  The  gas  generator 
and  start  cartridge  material  cost  is  given  by: 


MGG 


where: 


= 1-35  a (W_  + W_) 

Tooo-  GG  sc 


= 174.8 


(7) 

Fig.  25 


MGG 


= 0. 86 

= gas  generator  and  start  cartridge  cost  in  thousands 
of  1974  dollars. 


Figure  25  is  a plot  of  gas  generator  and  start  cartridge  material 
cost. 

And  finally  the  cost  of  the  turbopump  delivery  system,  including  gas 
generator  and  start  cartridge  is: 

CTP  " a (CLTP  + °MTP  + CLGG  + CMGG)  + b 
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where: 


= factor  to  adjust  turbopump  system  costs  for 
exceptional  problems  or  windfalls. 

= miscellaneous  cost  in  thousands  of  1974 
dollars . 

= turbopump  system  cost,  thousands  of  1974 
dollars. 


2.  3. 2. 3 


Engine  Miscellaneous  Equipment 


The  engine  miscellaneous  labor  costs  is  given  by 


'LM 


= a b (W  )C 

' LV7 

1000  V 


(9) 


where: 


a 


b 


c 

CLM 


W 


LV 


factor  to  adjust  thrust  chamber  cost  for 
exceptional  problems  or  windfalls. 

125.9 

0.  7 

miscellaneous  labor  cost,  thousands  of 
1974  dollars. 

miscellaneous  hardware  weight  (0),  lbm 


and  the  engine  miscellaneous  material  cost  is: 

.b 


MM 


= 1.  35  a (W  ) 

1 LV7 

1000 


where: 


a = 1355 

b = 0.63 

CMM  = material  cost,  thousands  of  1974  dollars 

The  engine  total  miscellaneous  cost  is  then: 


(10) 


where: 


a 

b 


= a (C 


LM 


CMM)  + b 


- factor  to  adjust  engine  miscellaneous  cost  for 
exceptional  problems  or  windfalls 

= miscellaneous  cost  in  thousands  of  1974  dollars. 
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2.  3.2. 4 


Pressurization  System 


As  indicated  previously,  the  propellant  tanks  are 
pressurized  by  nitrogen  from  a high  pressure  storage  bottle.  The 
cost  equation  for  the  storage  bottle  were  obtained  by  curve  fitting 
vendor  data  (Reference  7)  as  shown  in  the  following  table. 


GAS  TANK  COST  DATA 


Tank  Volume, 
cubic  inches 

185 

445 

6 50 

870 


Cost 
$ 1650 
2800 
3300 
3500 


The  final  cost  equation  for  the  storage  bottle  is: 

4b 


GT 


= 1.059  a (VGTr 

1000 


(12) 


where: 


a = 122.83 

b = 0.4949 

VGT  = storage  bottle  volume  (100-1000),  cubic  inches 

The  factor,  1.059  converts  from  1970  to  1974  dollars. 


The  cost  equation  for  the  entire  pressurization  system 


is  given  by: 
C, 

where: 


PS 


a <CGT  + b + c)  + d 


(13) 

Fig.  26 


factor  to  adjust  the  pressurization  system  cost 
for  exceptional  problems  or  windfalls. 

regulator  cost  in  thousands  of  1974  dollars  (0.275) 

miscellaneous  valves  cost  in  thousands  of  1974 
dollars  (0.275). 
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in j 


>1 


d = miscellaneous  cost  term  in  thousands  of  1974 

dollars . 

Cpg  = pressurization  system  cost  in  thousands  of  1974 

dollars. 

Figure  26  is  a plot  of  pressurization  system  cost. 

2.  3.  2.  5 Propellant  Tankage 

For  the  cost  equations  for  the  liquid  propulsion  system 
tankage,  vendor  cost  data  (Reference  9)  shown  below  were  combined 
with  cost  equations  from  Reference  1.  This  approach  was  taken 
in  order  to  take  advantage  of  recent  vendor  data  and  yet  maintain  the 
flexibility  in  regard  to  material  selection  provided  by  the  type  of 
cost  equations  presented  in  Reference  1.  The  approach  taken  in 
combining  the  actual  cost  data  with  the  CAMS  equations  is  outlined 
below. 

First  the  cost  data  were  plotted  in  order  to  obtain  an 
equation  for  cost  as  a function  of  tank  weight.  The  plot  of  the 
data  are  shown  in  the  table  below. 

PROPELLANT  TANK  COST  DATA 
Tank  Weight,  lbm  Cost 


7.  ? 

$ 24, 200 

7.2 

30, 000 

7.9 

24, 200 

7.9 

29, 000 

8.  7 

29, 000 

10.  09 

33,  000 

10.97 

30, 000 

12.  17 

31, 000 

15.  75 

31, 000 
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The  resulting  equation  is: 


= 16500  W 


0. 2608 


where: 


C = tank  cost,  dollars 

W = tank  weight,  lbs 

Breaking  this  equation  into  two  equations  for  labor  cost  and  material 
cost  using  the  ratio  from  Reference  1 of: 

AC  = 0.4535 


where: 


reference  labor  cost  per  pound 
= reference  material  cost  per  pound 


The  two  equations  become: 


5148  W 


0. 2608 


= 11352  W 


0. 2608 


where: 


CL  = tank  labor  cost,  dollars 

C = tank  material  cost,  dollars 

M 

Since  the  above  equations  are  for  titanium,  they  were  adjusted  back 
to  the  base  equations  for  300  maraging  steel  (which  has,  by  definition 
has  a complexity  factor  of  unity  for  both  the  labor  cost  and  material 
cost  equations)  by  dividing  the  coefficient  of  each  of  the  two  equations 
by  its  respective  complexity  factor  for  titanium  (1.0  for  labor  cost 
and  2.571  for  material  cost).  This  then  gives  a set  of  tankage  cost 
equations  which  can  use  the  complexity  factors  for  a number  of 
different  tankage  materials  to  arrive  at  tank  cost. 
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Since  there  are  only  three  materials  out  of  the  list  of 
options  presented  in  Reference  1 suitable  for  liquid  propellant 
tankage,  the  labor  cost  and  material  cost  equations  were  combined 
for  each  material  for  convenience  and  are  presented  below. 

CT  = a b (1.  1)  (W  )C  + d 

1000 


(14) 

Fig.  27 


where: 


factor  used  to  adjust  tankage  cost  for  exceptional 
problems  or  windfalls. 

= 7 19 1 ( stainless  steel) 

= 2165  (aluminum) 

= 16499  (titanium) 

= 0.2608 

= miscellaneous  tank  cost  in  thousands  of  1974 
dollars 

- tank  cost  in  thousands  of  1974  dollars. 


WT  - tank  weight  (20-150),  lbm 

Propellant  tankage  cost  is  plotted  in  Figure  2 7. 


2.  3. 2. 6 


where: 


Propellants 

The  fuel  and  oxidizer  cost  is  given  by: 
= a b !c_  6 W + e <c  \d  W I + f 

1000  'W  > u \w  F 

L-  ‘ O ' F J 


factor  used  to  adjust  propellant  cost  for 
exceptional  problems  or  windfalls. 

= oxidizer  cost,  dollars  per  pound 

= 3125 

= 0. 069 

= fuel  cost,  dollars  per  pound 


(15) 

Fig.  28 
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= miscellaneous  propellant  cost  in  thousands  of 
1974  dollars. 

= propellant  cost,  thousands  of  1974  dollars. 

- oxidizer  weight  (100-1000),  lbm 
fuel  weight  (50-500),  lbm 


Figure  28  is  a plot  of  propellant  cost. 
The  propellant  loading  cost  is  given  by: 

CDT  - ab(l.l)/c  \dW  + 


where: 


= factor  used  to  adjust  propellant  loading  cost 
for  exceptional  problems  or  windfalls. 

= io'4 

= 3125 

= 0.029 

= miscellaneous  propellant  loading  cost  in 
thousands  of  1974  dollars. 

= propellant  loading  cost,  thousands  of  1974 
dollars . 

= propellant  weight  (150-1500),  lbm 


Propellant  loading  cost  is  shown  in  Figure  29. 


2. 3.2.7 


Safe  and  Arm 


The  cost  of  the  safe  and  arm  system  is  given  by: 


where 


(16) 

Fig.  29 


= safe  and  arm  cost  in  thousands  of  1974  dollars. 
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I 


j 


2.  3. 2. 8 


First  Unit  Cost 


The  first  unit  cost  of  the  liquid  propulsion  system 
then  becomes: 

CLRFU  = [‘•I5ab'CTCtCTPtCMtCPStCT*CP 
+ CPLtCSA>+a']<]  +PLPC> 

where: 

a = factor  used  to  adjust  cost  from  1974  dollars 

to  year  of  interest 

b = factor  used  to  adjust  first  unit  cost  for  excep- 

tional problems  or  windfalls. 

c = miscellaneous  cost  term  in  thousands  of  1974 

dollars 

C frTT  = propulsion  system  first  unit  cost  in  thousands 
of  1974  dollars. 

= contractors  profit  margin  (fraction) 

2.  3.  2. 9 RDT&E  Cost 

The  RDT&E  cost  for  the  liquid  propulsion  system  was 
obtained  from  Reference  6 by  fitting  on  equation  to  the  curve  in 
that  figure.  It  should  be  noted  that  the  RDT&E  cost  is  only  for  the 
engine  and  does  not  include  the  cost  for  tankage  which  is  included  on 
the  airframe  RDT&E  cost.  The  equation  for  the  curve  in  Reference 
6 is: 

C = 2.  3 x 10~4  F + 3 

where: 

C 


F 


liquid  engine  RDT&E  cost 
engine  thrust,  lbf 


The  resulting  equation  is: 


C LRRD 

= 

a[b(1-462  dFMAXte)+Cj<1+PLPc' 

where: 

a 

— 

factor  to  adjust  from  1974  dollars  to 
year  of  interest. 

b 

= 

factor  used  to  adjust  cost  for  exceptional 
problems  or  windfalls. 

c 

= 

miscellaneous  cost  term  in  thousands  of 
1974  dollars. 

d 

= 

0.  231 

e 

= 

3000 

LRRD 

= 

liquid  engine  RDT&E  cost  in  thousands  of 
1974  dollars. 

fmax 

= 

maximum  engine  thrust  (1000-10,000),  lbf 

P 

LPC 

= 

contractors  profit  fraction 

Figure  30  is  a 

plot 

of  liquid  propulsion  system  RDT&tE  cost. 

2.3.2.10  Total  System  Cost 


(19) 

Fig.  30 


The  total  liquid  propulsion  system  cost  (excluding  tankage 
RDTkE  cost  as  explained  above)  is  given  by: 


where: 


C 


LRF 


°LRRD  + CLRFU 


= liquid  propulsion  system  cost  in  thousands  of 
1974  dollars. 
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FIGURE  21 

LIQUID  ROCKET  THRUST  CHAMBER  FIRST  UNIT  COST  (U) 


Equation 


Assuming 


this  becomes 
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FIGURE  22 

LIQUID  ROCKET  TURBOPUMP  FIRST  UNIT  COST  (LABOR)  (U) 


Equation  4 


As  sum 


FIGURE  23 

LIQUID  ROCKET  TURBOPUMP  FIRST  UNIT  COST  (MATERIAL)  (U) 


Equation  5 


Section  2.3.2 


MTP 


Assuming 


this  becomes 


MTP 
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FIGURE  24 

LIQUID  ROCKET  GAS  GENERATOR  FIRST  UNIT  COST  (LABOR)  (U) 


Equation 


Section  2.3.2 


this  becomes 


FIGURE  25 

LIQUID  ROCKET  GAS  GENERATOR  FIRST  UNIT  COST  (MATERIAL)  (U) 


Reference:  Equation 

C 


Section  2.3.2 


MGG 


‘■35a(WGGtWSc' 


1000 


Assuming: 

a = 174.8 
b = .86 


MT  sr  . 3 W 
SC  GG 


this  becomes 
C. 


MGG 


= 1-35  (174.8)  (WGG  + Wsc) 


86 


1000 


FIGURE  26 

LIQUID  ROCKET  PRESSURIZATION  SYSTEM  FIRST  UNIT  COST  (U) 


Reference:  Equation  1 3 


Assuming 


b = 122.83 
c = . 4949 


this  becomes 


ST  UNIT  COST  (U) 


FIGURE  29 

LIQUID  ROCKET  PROPELLANT  LOADING  FIRST  UNIT  COST  (U) 


Reference:  Equation  16  Section  2.3.2 

d 


CPL  = U1  a b{  W^")  WP+C 


Assuming: 


a = 1 d = . 029 

-4 


b = 10 
c = 3125 


this  becomes 


CpL  1-1  (10  )( ) W] 
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FIGURE  30 

LIQUID  ROCKET  RDT&E  COST  (U) 


Section 


LRRD 


MAX  2 


Assuming 


3000 


MAX  + 3000  J1*1 


LRRD 


7000 


LLRD 


5000 


2000  4000 


8000 


10000 


MAX 


TURBOJET  PROPULSION  SYSTEM 


The  following  Cost  Estimating  Relationships  are  for  the 
turbojet  propulsion  system  which  consists  of  engine,  tankage  and  fuel 
All  accessory  equipment  such  as  fuel  pump,  lubrication  systems, 
etc.  , are  included  as  a part  of  the  engine. 


Turbojet  Engine 


The  CER  for  the  turbojet  engine  first  unit  cost  was 
taken  from  Reference  4.  It  covers  three  different  cost  bands, 
depending  upon  the  sophistication  of  the  engine  which  is  defined  in 
terms  of  turbine  inlet  temperatures.  In  general,  a higher  turbine 
inlet  temperature  requires  the  use  of  more  exotic  (and  more  expen 
sive)  materials  and  a more  complex  design. 


NET 


factor  used  to  adjust  engine  cost  for 
ional  problems  or  windfalls. 


1.  52  for  T . < 2060  R 


3.  08  for  2060  - T - 2360  R 


5.64  for  T > 2360  R 


miscellaneous  cost  term  in  thousands  of 
1974  dollars. 


turbojet  engine  cost  in  thousands  of  1974  dollars 
engine  design  net  thrust  (2000-8000),  lbf 


NET 


A plot  of  typical  turbojet  engine  cost  is  shown  in  Figure  31 


2.  3. 3. 2 


Tankage 


The  equations  for  the  fuel  tank  are  t^e  same  as 
those  developed  for  the  liquid  propulsion  system  and  their  develop- 
ment is  described  completely  in  that  section  of  the  report. 


TL 


The  tankage  labor  cost  is  given  by: 

= 1. 222  a C (W  )b 

FT  ' T7 


where: 


a 


b 


C 

C 


TL 

FT 


W 


T 


= 5.  148 

= 0.2608 

= tank  labor  cost  in  thousands  of  1974  dollars. 
= 0.2  for  aluminum 

= 1.0  for  steel 

= 1.0  for  titanium 

= tank  weight(  25-100),  lbm. 


(±) 

Fig.  32 


The  factor,  is  a tank  fabrication  complexity  factor  which  reflects 

the  relative  difficulty  in  fabricating  the  different  materials. 


The  tank  material  cost  is  given  by: 


C 


TM 


1. 059  a P (W  )b 

PT  1 r£' 


where: 


TM 

> 

FT 


= 4.415 

= 0.2608 

= tank  material  cost  in  thousands  of  1974  dollars. 
= 0.257  for  aluminum 

= 1.0  for  steel 

= 2.571  for  titanium 


(3) 

Fig.  33 
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The  factor,  P 


reflects  the  relative  difference  in  material  cost. 


The  total  tank  cost  is  then: 


= a(CTL  + CTM)+b 


where: 


a = factor  used  to  adjust  tank  cost  for  exceptional 

problems  or  windfalls. 

b = miscellaneous  tank  cost  in  thousands  of  1974 

dollars . 

C = total  tank  cost  in  thousands  of  1974  dollars. 

Typical  tankage  labor  cost  and  material  cost  are  shown  in  Figures 
32  and  33. 


:.3.3.3  Fuel 


The  fuel  cost  is  given  by: 


TJLF 


a b I c \d  W + e 

VW  ) 


(5) 

Fig.  34 


where: 


TJLF 


= factor  used  to  adjust  fuel  cost  for  exceptional 
problems  or  windfalls 

= fuel  cost  in  thousands  of  1974  dollars  per  pound 
= 3125 

= 0.069 

= miscellaneous  cost  term  in  thousands  of  1974 
dollars 

fuel  cost  in  thousands  of  1974  dollars. 

= fuel  weight,  lbm 


Figure  34  is  a plot  of  typical  fuel  cost. 

The  fuel  loading  cost  is  given  by: 


TJLFL 


= l.lab  c (W)+e 

'V 


(6) 

Fig.  35 
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whrrc: 

a - factor  used  to  adjust  fuel  loading  cost  for 

exceptional  problems  or  windfalls. 

- 0.0001 

= 3125 

= 0.029 

= miscellaneous  cost  in  terms  of  thousands  of 
1974  dollars. 

C = fuel  loading  cost  in  thousands  of  1974  dollars 

1 J .Lr  J -j 

Figure  35  is  a plot  of  typical  fuel  loading  cost. 

2. 3. 3. 4 First  Unit  Cost 

The  CER  for  the  first  unit  cost  is  : 


b 

c 

d 

e 


TJFU 


a ^ + PTJC^  L1'  15  b *CETJ  + CT  CTJLF 
+ CTJLFL)  + C i 


(7) 


where 


TJFU 


inflation  factor  used  to  adjust  from  1974 
dollars  to  year  of  interest 

= factor  used  to  adjust  first  unit  cost  for 
exceptionaly  problems  or  windfalls. 

= miscellaneous  cost  in  thousands  of  1974  dollars 

= turbojet  propulsion  system  first  unit  cost  in 
terms  of  thousands  of  1974  dollars. 

= contractors  profit  margin  (fraction) 


TJC 

2.  3.  3.  5 RDT&E  Cost 

The  CER  for  the  turbojet  propulsion  system  RDT&E 
was  obtained  from  Reference  4 and  is  given  by: 

,ei  . 1 , 


; = alb  1.462  d (F  ) +ci(l+P 

TJRD  l ' MAX'  j1  TJC 


where: 


= factor  used  to  adjust  from  1974  dollars  to 
year  of  interest 

= factor  used  to  adjust  RDT&E  costs  for 
exceptional  problems  or  windfalls 

= miscellaneous  costs  in  thousands  of  1974  dollars 


(10) 


II-b8 


TJRD 


MAX 


= 16.22 
= 0.7436 

turbojet  propulsion  system  RDT&E  cost  in 
thousands  of  1974  dollars. 

= design  maximum  thrust,  lbf 

= contractors  profit  margin  (fraction) 


Figure  36  is  a plot  of  typical  turbojet  propulsion  system  RDT&E 


cost. 


2.  3.  3.  6 


Total  Propulsion  System  Cost 

The  total  propulsion  system  cost  is  given  by: 


CTJFU  + CTJRD 


where: 


C = total  turbojet  propulsion  system  cost  in 

thousands  of  1974  dollars. 


II -6  9 


FIGURE  31 

TURBOJET  ENGINE  COST  (U) 


Equation 


NET 


suming 


this  becomes 


NET 


8000 


4000 


10000 


FIGURE  33 

TURBOJET  TANKAGE  MATERIAL  COST  (U) 


Reference:  Equation 


Section 


A s suming 


2608 


2608 


FIGURE  34 

INTEGRAL  AND  NON-INTEGRAL  RAMJET  AND  TURBOJET  LIQUID  FUEL  COST  (U) 


Reference:  Equation  5 Section  2.3.3 

and  Equation  12 Section  2.3.4 

and  Equation  1 2 Section  2.3.5 


FIGURE  35 

TURBOJET  FUEL  LOADING  COST  (U) 


Reference:  Equation 


this  becomes 


TJLFL 


FIGURE  36 

TURBOJET  RDT&E  COST  (U) 


Reference:  Equation  10 


Section  2.3.3 


CTJRD  a 


[b  , >.462  dFj|  4 c](l  4 PTJC, 


As  suming: 


a =1 


b = 1 


c =0 


this  becomes 


TJRD 


^ = 16.22  P 


e = .7436 


16.22  (1.462)  F * 7436  (1.  1) 
max 


TJRD 


20000  - 


10000 


2000  4000  6000  8000  10000 


fmax  ,lbs) 
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2.  3.4 


Integral  Ramjet 


The  following  Cost  Estimating  Relationships  are  for  the 
integral  rocket-ramjet  propulsion  system.  In  this  system,  the 
case  of  the  solid  rocket  booster  becomes  the  combustion  chamber 
for  the  ramjet  subsequent  to  booster  burnout.  All  of  the  equations 
except  where  noted  were  taken  from  Reference  1. 


2. 3.4.  1 


Fuel  Tankage 


The  CER's  for  the  fuel  tankage  are  the  same  as  those 
used  for  the  liquid  propulsion  except  that  a larger  number  of  tank 
materials  are  available  since  the  ramjet  fuel  is  compatible  with  a 
larger  variety  of  materials. 

The  tank  labor  cost  is  given  by: 


where: 


TANK 


= 1.  059  a b (\V  A 1 

FT  TANK 


= complexity  factor 
= 5. 148 

= 0.2608 

= tank  labor  cost  in  thousands  of  1974  dollars 
= material  labor  pricing  factor 
= tank  weight  (25-100),  lbm 


Figure  37  is  a plot  of  typical  fuel  tank  labor  cost. 

The  tank  material  cost  is  given  by: 


where: 


= 1. 059  a b P (W  ) 

FT  ' TANK' 


= complexity  factor 
= 4.415 


(1) 

Fig.  37 


(2) 

Fig.  38 


= 0.2608 

= material  pricing  factor 

= tank  material  cost  in  thousands  of  1974  dollars 
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Typical  fuel  tank  material  cost  is  shown  in  Figure  38. 


The  total  tank  cost  is  then: 


where: 


= a (C  T + C w)  + b 
TL  TM 


complexity  factor 


b = miscellaneous  cost  in  thousands  of  1974 

dollars 

C^,  = total  tank  cost  in  thousands  of  1974  dollars 

The  values  for  material  labor  pricing  factor  and  for  P 

FT  r 6 FT 

material  pricing  factor  for  the  ramjet  fuel  tankage  are  listed 
below: 


Material 


300  Grade  Maraging  Steel 
4130  Steel 
4340  Steel 

17-4  PH  Stainless  Steel 
2014-T6  Aluminum 
AZ-31B-0  Magnesium 
6A14V  Titanium 
Rene'  41  Alloy 
Columbium  Alloy  WC-1294 
Glass  cloth 


3.  241 


0.  229 
0.  274 
0.  929 
0.  257 

0.  723 
2.  571 

1 . 386 
22. 857 
1. 281 


It  should  be  noted  that  the  above  material  list  applies 
to  solid  motor  case,  integral  rocket-ramjet  combustor  and  fuel 
tankage.  In  the  case  of  tankage,  however,  exotic  materials  such  as 
Columbium  alloy  which  are  suitable  for  high  temperature  applications 
such  as  combustion  chambers,  would  not  be  a logical  choice  for  a 
tankage  material  because  of  its  high  cost  as  compared  to  that  of 
17-4  PH  Stainless  Steel  or  2014-T6  Aluminum.  Therefore,  some 
discretion  should  be  used  in  selection  of  tankage  materials  from  the 
available  options. 


v/  * t;  • 
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The  cost  of  the  tankage  external  insulation  is  given 


by: 

CEXIN 

where: 

a 

b 

c 

d 


— Y 

V / 
EXIN' 


(VEXIN)  + 


complexity  factor 
0. 001039 
198.  0 
0.  333 


(4) 

Fig.  39 


e = miscellaneous  cost  in  thousands  of  1974  dollars 

= cost  of  insulation  in  thousands  of  1974  dollars 

EXIN 

^EXIN  = vo^urne  insulation  (2000-3000),  in 

The  volume  of  the  insulation  is  not  calculated  in  the  CGSM  so  it  must 
be  calculated  at  this  point  using  the  insulation  weight  and  density 
which  are  calculated  in  the  CGSM.  Thus: 


V 


EXIN 


EXINWT 

RHOX 


where: 


EXINWT  = 
RHOX 


external  insulation  weight,  lbm 

3 

external  insulation  density,  lbm /in 


Figure  39  is  a plot  of  typical  external  insulation  cost. 

The  fuel  delivery  systems  are:  stored  nitrogen, 
monopropellant  gas  generator,  solid  propellant  gas  generator,  and 
ram -air  turbopump. 


For  the  stored  nitrogen 
the  gas  tank  is  the  same  as  for  the 


C 


GT 


1 . 0 59  a b (V 


REQ 


system  the  cost 
liquid  propulsion 
c 


equation 
system . 


for 


(5) 

Fig.  40 


i 
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k 


where: 


a = complexity  factor 

b = 122.83 

c = 0.4949 

C - gas  tank  cost  in  thousands  of  1974  dollars 

Cj  i 

3 

Vreq  gas  tank  volume  (450-750),  in 

Typical  gas  tank  cost  is  shown  in  Figure  40. 

The  regulator  cost  is: 


where: 


= gas  regulator  cost  in  thousands  of  1974 
dollars 

The  cost  of  miscellaneous  values,  etc  is  given  by: 


where: 


where: 


- cost  of  miscellaneous  valves  in  thousands 
of  1974  dollars. 

The  cost  of  the  complete  N2  pressurization  system  is: 

= a (C + C _ + C ) + b 

2 ' GT  REG  MV 


= complexity  factor 


b - miscellaneous  cost  in  thousands  of  1974  dollars 

C = pressurization  system  cost  in  thousands  of 

1974  dollars 
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The  cost  of  the  solid  gas  generator  pressurization 
system  is  given  by: 


C PSSGG 


1.  1 a b 


*ggw' 


+ f 


+ g 


(9) 

Fig.  -41 


where: 


a 

b 

c 

d 

e 

f 

g 

C PSSGG 
ggw 


complexity  factor 

3.  086 
0. 0577 

4.  0 
0.  36 
0.  075 

miscellaneous  cost  in  thousands  of  1974  dollars 

solid  propellant  gas  generator  cost  in  thousands 
of  1974  dollars 

solid  propellant  gas  generator  weight  (5-10),  lbm 


Typical  cost  for  a solid  propellant  gas  generator  is  shown  in  Figure  41. 


The 

zation  system  is 


cost  of  the  monopropellant  gas  generator  pressuri- 
given  by: 


CPSMGG  = a 


(10) 


where: 


= cost  of  monopropellant  gas  generator  in  thousands 
of  1974  dollars. 


The  cost  of  the  ram -air  turbine  fuel  delivery  system 


is  given  by: 
C 


PSRAM 


= 1.1a 


b (C  + d HPPUMP>  - 6 (HPPUMP 


)f  i+  g 


(ID 

Fig. 


where: 


a 

b 

c 


complexity  factor 
1. 08 
2.  543 
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AD-A048  368 


UNCLASSIFIED 


LTV  AEROSPACE  CORP  DALLAS  TEX  VOUGHT  SYSTEMS  DIV  F/G  15/7 

SEATIDE  ANALYSIS  PROCESS.  VOLUME  V.  RELATIVE  COST  MODEL  (RCM)»(U) 

FEB  75  R K MCDONOUGH  DAAB09-72-C-0062 

VSD-00.1636-VOL-5  ML 


•m- 


d = 0.014 

e =2x10 

f =2.0 


g miscellaneous  cost  in  thousands  of  1974  dollars 

. . = ram-air  turbine  cost  in  thousands  of  1974  dollars 

PS  RAM 

Figure  42  shows  the  typical  cost  for  a ram-air  turbine  pressurization 
system . 


HPPUMP  = pump  horsepower  (2-3), 


2. 3.4. 3 


Ramjet  Fuel 


HP 


The  ramjet  fuel  cost  is  given  by: 

vd 


LF 


where: 


a 

b 

c 

d 

e 

C 

W, 


LF 


= a b 


1000  \W 


(w — t—  ) 

' tfuel' 


(W  + e 

' TFUEL) 


(12) 


TFUEL 

and  the  fuel  loading  cost  is  given  by: 


complexity  factor 

fuel  cost  per  pound  in  1974  dollars 

3125 

0.  069 

miscellaneous  fuel  cost  in  thousands  of  1974  dollars 
fuel  cost  in  thousands  of  1974  dollars 
fuel  weight  (600-1000),  lbm 


LF  L 


= 1.  1 a b 


Vw 


(W  ) + e 

' tfuel' 


TFUEL 


(13) 

Fig. 


where: 


a 

b 

c 

d 

e 


CLFL 


complexity  factor 

io‘4 

3125.  0 
0.  029 

miscellaneous  fuel  loading  cost  in  thousands 
of  1974  dollars. 

fuel  loading  cost  in  thousands  of  1974  dollars 


4 3 
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2.  3.4.4 


Booster  Motor /Ramjet  Combustor 


The  CER's  for  the  solid  propellant  booster  motor  which 
also  serves  as  the  ramjet  combustion  chamber  and  nozzle  are  listed 
below.  The  motor  case  labor  cost  is  given  by: 

vd 


BLC 


l'l»bCFCASE|  ‘ 


\w 


MC 


<WMC>  + 6 


(14) 

Fig.  44 


where: 


BLC 


FCASE 


complexity  factor 
0. 0096 
140.  0 
0.  333 

miscellaneous  cost  in  thousands  of  1974  dollars 
motor  case  cost  in  thousands  of  1974  dollars 
material  pricing  labor  factor  similar  to  C 


W 


MC 


defined  previously 

weight  of  motor  case  (50-80),  lbm 


FT 


Figure  44  is  a plot  of  typical  case  labor  cost. 


The  motor  case  is  given  in  terms  of  the  following 
variables  solved  for  in  the  CGSM: 


W. 


MC 


= CASEWT  + WBOSS  + TOMIS 


where: 


CASEWT  = case  structure  weight,  lbm 


WBOSS 

TOMIS 


= boss  weights,  lbm 
= skirt  weight,  lbm 


The  case  material  is  given  by: 


BMC 


= 1.  1 a b / c 

FCASE  ( : 


\W 


<WMC>  + 6 


MC' 


(15) 
Fig.  4 
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i ; 


where: 


a = complexity  factor 

b = 0.02378 

c = 140.0 

d = 0.333 

e = miscellaneous  cost  in  thousands  of  1974  dollars 

Cnw„  = case  material  cost  in  thousands  of  1974  dollars 

BMC 

PrrACr  = material  pricing  factor  similar  to  P^_  described 
r , r T 

previously. 


Typical  case  material  cost  is  plotted  in  Figure  4 5. 

The  case  insulation  cost  is  determined  by: 


(v  T(VBI)te 

(16) 

VvbJ 

Fig.  46 

where: 

a = complexity  factor 

b = 0.001195 

c = 198.0 

d =0.33 

e = miscellaneous  cost  in  thousands  of  1974  dollars 

Cjjl  = insulation  cost  in  thousands  of  1974  dollars 

Vgj  = insulation  volume  (400-600),  in^ 

Case  insulation  volume  air  are  calculated  in  the  CG3M.  Therefore, 

the  calculation  must  be  performed  in  the  Cost  Model  using  the  following 

expression. 

V = FWDWTI  + WCYLI  + ADWTI  + EXTI 

RHOIN  RHOX 


where: 


FWDWTI  = forward  closure  insulation  weight,  lbm 
WCYLI  = cylinder  insulation  weight,  lbm 

ADWTI  = aft  dome  insulation  weight,  lbm 

3 

RHOIN  = internal  insulation  density,  lbm /in 

EXTI  = external  insulation  weight,  lbm 

RHOX  = external  insulation  density,  lbm/in^ 
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zTZ T 


Figure  46  is  a plot  of  typical  case  insulation  cost. 


The  nozzle  cost  is  given  by: 


CNOZ 

I.lab(c  + 2d(R5)  + eY1)(NOZWT)  +t 

where: 

a 

= 

complexity  factor 

b 

= 

0.  0026234 

c 

= 

4.6788 

d 

= 

1.4045 

e 

= 

1. 5487 

f 

= 

miscellaneous  nozzle  cost  in  thousands  of 
1974  dollars 

CNOZ 

= 

nozzle  cost  in  thousands  of  1974  dollars 

R5 

= 

nozzle  throat  radius  (2-3),  inches 

Y1 

= 

nozzle  inlet  radius  (5-8),  inches 

N 

OZWT 

= 

nozzle  weight  (25-100),  lbm 

Figure  47  is  a plot  of  typical  nozzle  cost. 


(17) 

Fig.  47 


The  booster  solid  propellant  cost  is  given  by: 


CPRC 


where: 


a 

b 


c 

d 

e 


'PRC 


M, 


a b / c \d  (M  ) + e 
1000  \Mp  / 


complexity  factor 

propellant  cost  per  pound  in  thousands  of  1974 
dollars 

3126.  0 

0.  069 

miscellaneous  propellant  cost  in  thousands  of 
1974  dollars 

propellant  cost  in  thousands  of  1974  dollars 
propellant  weight  (200-800),  lbm 


(18) 

Fig.  48 
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Typical  booster  propellant  cost  is  shown  in  Figure  48  and  the  pro- 
pellant loading  cost  is  given  by: 


CPLC 

where: 

= 1.  1 a b '_c_j  (Mp)  + e 

a 

= complexity  factor 

b 

= 0.00343 

c 

= 3125.0 

d 

= 0.387 

e 

= miscellaneous  propellant  cost  in  thousands  of 
1974  dollars 

(19) 

Fig.  49 


Figure  49  is  a plot  of  typical  propellant  loading  cost. 

The  equation  for  the  igniter  cost  is: 

CIGN  = a 


where: 

a = igniter  cost  in  thousands  of  1974  dollars 

and  the  safe  and  arm  system  cost  is  given  by: 

CSA  = a 

where: 

a = safe  and  arm  systems  cost  in  thousands  of 

1974  dollars 

The  total  booster /combustor  first  unit  cost  becomes: 


(20) 


(21) 


CBOOC 


where: 

a 

b 


a *CBLC  + CBMC  + CLI  + CNOZ  + CPRC 


(22) 


+ CPLC+  CIGN  + CSA>  +b 


complexity  factor 

miscellaneous  cost  in  thousands  of  1974  dollars 
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wmmmmmmmmmmmmm 


The  total  ramjet  propulsion  system  first  unit  cost  becomes: 
C. 


IR.TFU 


where: 


IRJFU 


a(1+PRJC>  I-,5b<CT+CEXIN  + Crs 
+ CLF  + CLFL  + CBOOC)  + c 


inflation  factor  to  adjust  cost  from  1974 
dollars  to  year  of  interest 

complexity  factor 

miscellaneous  cost 

integral  ramjet  propulsion  system  first  unit 
cost  in  thousands  of  1974  dollars 


RJC 

2.  3.  4.  5 RDT&E  Cost 


contractors  profit  margin 


The  integral  ramjet  propulsion  RDT&E  cost  is  given 


by: 


U3) 


'IRJRD 


(1  + 


PRJC) 


1.  18 


b d (DCOM)  + c 


where: 

a 

b 

c 

d 

CIRJRD 

P 

RJC 

°COM 


inflation  factor  to  convert  RDT&E  cost  from 
1974  dollars  to  year  of  interest 

complexity  factor 

miscellaneous  total  RDT&E  cost  in  thousands 
of  1974  dollars 

2422 

integral  ramjet  propulsion  system  RDT&E  cost 
in  thousands  of  1974  dollars 

contractors  profit  margin 

combustor  diameter  (12),  inches 


A plot  of  typical  integral  ramjet  propulsion  system  RDT&E  cost 
appears  in  Figure  50. 


(26) 

Fig. 


50 
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WT  (LBS) 


w_  (LBS) 


FIGURE  39 

INTEGRAL  AND  NON-INTEGRAL  RAMJET  EXTERNAL 
INSULATION  COST  (U) 


Reference:  Equation  4 Section  2.3.4 

and  Equation  4 Section  2.3.5 


EXIN 


= 1.  1 a b (- 


EXIN 


* VEXIN  + 6 


Assuming: 

a = 1 

b = . 001039 


this  becomes 

C. 


c = 198 
d = .333 
e = 0 


,198 


. 333 


= 1.1  (.  001039)  l— ) V 

EXIN  1 ' EXIN 

EXIN 


($K> 


VEXIN  1 CU-  > 
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FIGURE  40 

INTEGRAL  AND  NON-INTEGRAL  GAS  TANK  COST  (U) 

Reference:  Equation  5 Section  2.3.4 

and  Equation  __5 Section  2.  3.  5 

CCT  = 1.059  a b (VREQ)C 
Assuming: 

a = 1 c = .4949 

b = . 12283 


4 - 


0 


“•  1 1 i t 1 

300  400  500  600  700  800 


V 


n jrn 


( cu.  in. ) 


FIGURE  41 

INTEGRAL  AND  NON-INTEGRAL  RAMJET  SOLID 
GAS  GENERATOR  PRESSURIZATION  SYSTEM  COST  (U) 


Equation 
and  Equation 


0577  ( 


S 


a 


FIGURE  4 2 

INTEGRAL  AND  NON-INTEGRAL  RAMJET 
RAM  AIR  TURBINE  PRESSURIZATION  SYSTEM 

COST  (U) 


Reference:  Equation  11  Section  2.3.4 

and  Equation  i ] Section  z.  3.  5 


Cp5D,..  = 1.  1 a [b  (c  + dH  )-eH 

PSRAM  L ppump  ppump 


Assuming: 

a = 1 
b = 1. 08 
c = 2. 543 
d = .014 


e = . 00002 
f = 2 

g = 0 


this  becomes 

C 


PSRAM 


= 1.  1 [ 1. 08  (2. 543  + . 014  H ) - . 00002  H 2 ] 

L ppump  ppump  J 


FIGURE  43 

INTEGRAL  AND  NON-INTEGRAL  RAMJET  FUEL  LOADING  COST  (U) 


Equation  13 

and  Equation  13 


TFUEL 


TFUEL 


Assuming 


(LBS) 


FIGURE  44 

INTEGRAL  RAMJET  CASE  LABOR  COST  (U) 


Equation  14 


Assuming 


FIGURE  47 

INTEGRAL  RAMJET  NOZZLE  COST  (U) 


NOZ 


OZWT 


1.  5487 


b = .0026234  f = 0 


CNOZ  = 1,1  (-0026234)  (4.6788  + 2.809  R + 1.  5487  Y)  NQZWT 


NOZ 


— 

i 

'*• 

!•: 

uj 

... 

FIGURE  48 

EXTERNAL  BOOSTER  AND  INTEGRAL  RAMJET  SOLID  PROPELLANT  COST  (U) 


Reference:  Equation  ig 

and  Equation 


1000 


urmng; 


FIGURE  49 

EXTERNAL  BOOSTER  PROPELLANT  AND 
INTEGRAL  RAMJET  PROPELLANT  LOADING  COST  (U) 


Reference:  Equation  

and  Equation 


Assuming 


b = .00343 


1.  1 (.  00343)  ( 


FIGURE  50 

INTEGRAL  RAMJET  RDT&E  COST  (U) 


Equation 


CIRJRD  = 11  + PRJC>  * tb  (I-  18  )<8)(Dcom)  + c] 


Assuming 


I.  1 [1.  I84)(2422)(D 


IRJRD 


COM 


IRJRD 


COM 


....  ./ 

: j , | 

i . 1 ! 

■ ■ -Jr\ J.  : . : 

\ t . : 

y\  ! ; S 1 

1 * y 

; /!-  ■-'  j .— j j 

....  . ... 

: :•* — - — i — 

A 


n 


2.3.5  Non-Integral  Ramjet 

The  following  CER's  are  for  the  non-integral  ramjet  pro- 
pulsion system.  This  system  consists  of  a ramjet  engine,  fuel 
tankage,  fuel  and  pressurization  system.  The  booster,  which  is 
normally  associated  with  this  system  is  discussed  in  Section  2.  3.  6. 
The  CER's  for  the  fuel  tankage,  fuel  and  various  pressurization 
system  options  are  identical  to  those  used  for  the  integral  ramjet 
system  and  were  presented  along  with  the  illustrative  plots  in 
Section  2.3.4.  They  will  not  be  repeated  in  this  section. 

2.  3.  5.  1 Ramjet  Combustor 


The  ramjet  combustor  labor  cost 


• 


'COML 


where: 


- a 


b C 


FC 


W 


\ (WCOMM) 


COMM 


(14) 

Fig.  51 


a 

b 

c 

d 


= complexity  factor 
= 0.008166 
= 140.0 

= 0.333 


COML 


FC 


W 


COMM 


= ramjet  combustor  labor  cost  in  thousands  of 
1974  dollars. 

= material  labor  pricing  factor  for  combustor 

case  and  having  the  same  values  of  and 

C described  previously. 

FCASE 

= combustor  metal  weight  (20-30),  lbm 


For  the  combustor,  the  combustor  metal  weight  is  defined  as: 


\\r  = BOSDMP  + SKTS  + FWDWTS  + WCMS 

COMM 

+ ADWTS  + FTFNG 


I 

! 


II  - 1 0 1 


where: 


BOSDMP  = 

boss  weight,  lbm 

SKTS 

skirts  weight,  lbm 

FWDWTS  = 

forward  closure  weight,  lbm 

W CMS 

cylinder  weight,  lbm 

ADWTS 

aft  dome  weight,  lbm 

FTFNG 

fittings  weight,  lbm 

Typical  combustor  labor  cost  is  shown  in  Figure  51. 


The  combustor  material  cost  is  given  by: 


COMM 


= 1.  1 a b P 


FC 


) 

' COMM 


. d 


*wcomm' 


(15) 

Fig.  52 


where: 


a 


complexity  factor 


b 

c 

d 

CCOMM 


0. 02022 
140.  0 
0.  333 

combustor  material  cost  in  thousands  of 
1974  dollars 


P 


FC 


material  pricing  factor,  having  the  same  values 

as  P„„,  and  P„„  described  previously. 

FT  FCASE 


Figure  52  is  a plot  of  typical  combustor  material  cost. 


The  combustor  insulation  cost  is  given  by: 


CCOMI 


where: 


a 

b 


c 


d 

CCOMI 


V 

COMI 


i . ! a b (_ 


COMI 


T <V 


COMI 


complexity  factor 
0. 001039 
198.  0 
0.  333 

combustor  insulation  cost  in  thousands  of 
1974  dollars 

3 

combustor  insulation  volume,  in 


(16) 

Fig.  53 
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nrlfc  r~  " v . 


The  value  for  is  obtained  using  the  various  insulation  weights 

and  densities  as  described  in  Section  2.3.4. 


Typical  combustor  insulation  cost  is  shown  in  Figure  53. 
2.3.  5.  2 Nozzle 


The  cost  of  the  ramjet  nozzle  is  given  by: 


CNOZ 

l.lablc+dRj  + eYjKW^) 

where: 

a 

= 

complexity  factor 

b 

0.  001755 

c 

= 

4.6788 

d 

= 

2.809 

e 

= 

1. 5487 

CNOZ 

= 

nozzle  cost  in  thousands  of  1974  dollars 

R5 

= 

nozzle  throat  radius,  inches 

Y1 

= 

nozzle  inlet  radius,  inches 

WNOZ 

= 

nozzle  weight,  lbm 

A plot  of  typical  ramjet  nozzle  cost  is  shown  in  Figure  54. 
The  total  combustor  cost  is  given  by: 


(17) 

Fig. 


CRJC  a ^CCOML  + CCOMM  + CCOMI  + CNOz'  + b 

where: 

a = complexity  factor 

b = miscellaneous  combustor  cost  in  thousands 

of  1974  dollars 

The  non-integral  ramjet  propulsion  system  first  unit  cost  is  given 
by: 

CNRJFU  = * (1  + PRJc’ D' 15  b |CT  * CEXIN  * CPS  + CLF  (19) 
* CLFL  + CRJC>  + C] 


54 
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where: 


a = inflation  factor  to  adjust  cost  from  1974 

dollars  to  year  of  interest 

b = complexity  factor 

c = miscellaneous  first  unit  cost  in  thousands  of 

1974  dollars 

Cnrjfu  = non-integral  ramjet  propulsion  system  first 

unit  cost  in  thousands  of  197  4 dollars 

P = contractors  profit  margin. 

R J G 


The  equation  for  the  RDT&E  cost  is  given 


'NRJRD 


= <1  + PRjc)i[b<1-,84dDcoM)+c] 


where: 


a 

b 

c 

d 

CNRJRD 

P 

RJC 

dcom 


inflation  factor  to  convert  RDT&E  cost  from 
1974  dollars  to  year  of  interest. 

complexity  factor 

miscellaneous  RDT&E  cost  in  thousands  of 
1974  dollars. 

2040. 

RDT&E  cost  in  thousands  of  1974  dollars 
contractors  profit  margin 
combustor  diameter,  inches 


Figure  55  is  a plot  of  typical  RDT&E  cost  for  the  non-integral 


FIGURE  51 

EXTERNAL  BOOSTER  CASE  AND  NON-INTEGRAL  RAMJET 
COMBUSTOR  LABOR  COST  (U) 


Reference:  Equation  ]4 

and  Equation 


Section  z.  3.  5 
1 Section  z 


CCOMI  ‘-1  a CFC  <^OM^  WCOMM 


Assuming: 


a = .008166  c - .333 


b = 140 


CFC  = 1 


this  becomes 


CCOML1-1  <-008t66»  ‘w->  WCOMM 

COMM 
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FIGURE  52 

EXTERNAL  BOOSTER  CASE  AND  NON-INTEGRAL  RAMJET 
COMBUSTOR  MATERIAL  COST  (U) 


Reference:  Equation  1 5 Section  2.3.5 

and  Equation  2 Section  2.3.6 


<~tOMIvl  1,1  a PFC  V >wWCOMM 

COMM 


Assuming: 


a = .02022  c = .333 

b = 140  P = 1 


this  becomes 


cComKi  M2022)  wcomm 


20  40  60  80  100 

vcoi5ifa-ln-' 
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FIGURE  54 

NON-INTEGRAL  RAMJET  NOZZLE  COST  (U) 


Reference: 


Equation  17 Section  2.3.5. 2 


CNOZ 


1.  1 a b (c  + d R + e Y)  WNQZ 


Assuming: 

a = 1 e = 1. 5487 

b = . 001755  R = 2 

c = 4.  6788  Y = 6 

d = 2.809 


this  becomes 


CNOZ  = 1,1  (-001755)  (4-6788  + 2.809R  + 1.5487Y)  W 
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FIGURE  55 

NON-INTEGRAL  RAMJET  RDT&E  COST  IU) 


Reference:  Equation 


Section  2.  3.  5 


C = (1  + P ) a [b  (1.  184)(d)  (D  ^w) 

NRJRD  RJC  COM 


Assuming: 

a = 1 
b = 1 
c = 0 
d = 2040 

this  becomes: 


PRJ  C 'l 


CNRJRD  = l-lf(l-184)(2040)(DCOM)] 


"NRJRD 


dcom  ( in-  } 
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2 . 5 . 6 


EXTERNAL  BOOSTER 

The  following  CER's  are  for  the  external  booster  which  is 


used  in  conjunction  with  the  non-integral  ramjet  or  turbojet  engines. 
2.3.6.  1 Motor  Case 

The  case  labor  cost  is  given  by 


C 


CL 


= 1.  1 a C 


FM 


(1) 


whe  re : 


a 

b 

c 


CL 


W 


MC 


0. 006166 
140.  0 
0.  333 

case  labor  cost  in  thousands  of  1974  dollars 
booster  case  weight  (25-100),  lbm 


The  case  material  cost  is  given  by 


CM 


= 1.  1 a P 


FM 


W 


MC 


(WMC> 


U) 


where:  a 

b 


CCM 


0. 008166 
140.  0 
0.  333 

case  material  cost  in  thousands  of  1974  dollars 


The  total  motor  case  cost  is  then 


C 


TC 


= a (C 


CL 


+ ccm' 


+ b 


(3) 


II- 1 10 


where:  a 

b 


complexity  factor 

miscellaneous  case  cost  in  thousands  of  1 f*7-4 
do  11  a rs 


The  motor  internal  insulation  cost  is  given  by 


Cu  = l.lab(_c_)  (VBIl*e 
VBI 


(4) 


whe  re : 


a 

b 


c 

d 


e 


C 


LI 


V 


BI 


complexity  factor 
0. 001039 
198.  0 
0.  333 

miscellaneous  cost  in  thousands  of  1974  dollars 

insulation  cost  in  thousands  of  1974  dollars 

3 

insulation  volume  (65-250),  in 


The  insulation  was  obtained  from  the  insulation  weight  and  density  as  des- 
cribed in  2.3.  1. 

2.  3.6.  2 Nozzle 

The  external  booster  nozzle  cost  is  given  by 


CNOX 


1.  1 ab 


^THRT*  + 6 (RNO/. 


(nozwt' 


(=3) 

Fig.  56 


a 

complexity  factor 

h 

= 

0. 001755 

c 

= 

4. 6788 

cl 

r 

1. 4045 

e 

= 

1. 5487 
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f 

CNOZ 

°THRT 

rnoz 
nozwt = 


miscellaneous  cost  in  thousands  of  1974  dollars 
nozzle  cost  in  thousands  of  1974  dollars 
nozzle  throat  diameter  (3-4),  inches 
nozzle  inlet  radius  (5-6),  inches 
nozzle  weight  (25-100),  lbm 


Figure  56  is  a plot  of  typical  booster  nozzle  cost. 
2.  3.  6.  3 Propellant 

The  propellant  cost  is  given  by 


C 


PR 


abM  , i d 

P / \ + e 

1000  \ Mp  / 


(6) 


where:  a 

b 
c 
d 
e 


complexity  factor 

propellant  cost  in  1974  dollars  per  pound 
3125. 0 
0.  069 

miscellaneous  nozzle  cost  in  thousands  of  1974 
dollars 

propellant  cost  in  thousands  of  1974  dollars 
propellant  weight  (200-800),  lbm 


and  the  propellant  loading  cost  is 


PL 


1.1  abM, 


( Mp  ) 


(7) 
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: : 


2.  3.  6.  4 


whe  re : 


2.  3.  6.  5 


whe  re : 


PL 


miscellaneous  cost  in  thousands  of  1974  dollars 

propellant  loading  cost  in  thousands  of  1974 
dollars 


Igniter  and  Safe/Arm 

The  igniter  cost  and  safe  and  arm  system  cost  are  given  below. 


C 


IGN 


0. 3861 


C„  . = 0.19305 

SA 


C 


IGN 

'SA 


igniter  cost  in  thousands  of  1974  dollars 

safe  and  arm  system  cost  in  thousands  of  1974 
dollars 


First  Unit  Cost 

The  booster  first  unit  cost  is  given  by 


C 


EBFU 


= Z 


XNB 


f S[b(CTC+CLI+CNOZtCPRtCPL 


+ CIGN  + CSa'  + <=  ] 11  + PEBC' 


(10) 


( EBFU 


factor  used  to  convert  from  1974  dollars  to  year 
of  interest 

complexity  factor 

miscellaneous  production  cost  in  thousands  of 
1 974  dolla  rs 

first  unit  cost  in  thousands  of  1974  dollars 
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1 


number  of  boosters 
contractor's  profit  margin 


2.  3.  6.  6 RDT&.-E  Cost 


The  booster  RDT&E  cost  is  given  by 


(EBRD  a 


[he  [l 


(D)(Wm)]<I  (1.4621  +o  jtl  + 


where: 


EBRD 

D 


factor  used  to  convert  RDT&E  cost  from  1974 
dollars  to  year  of  interest 

complexity  factor 

14. 392 

0. 4263 

miscellaneous  cost  in  thousands  of  1974  dollars 
RDT&tE  cost  in  thousands  of  1974  dollars 
motor  diameter  (10-20),  inches 
motor  weight  (250-1000),  lbm 
contractor's  profit  margin 


Figure  57  is  a plot  of  typical  booster  motor  RDT&E  cost. 
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Reference: 


FIGURE  56 

EXTERNAL  BOOSTER  NOZZLE  COST  (U) 
Equation  5 Section  2.3.6 


CNOZ  L 


1 a b (c  + d D 


THRT 


+ e R 


NOZ 


) N 


OZWT 


+ f 


Assuming: 


1 

d = 1.4045 

dthrt  4 

. 001755 

e = 1. 5487 

rnoz  = 6 

4. 6788 

o 

II 

this  becomes 

C = 1.1  (.001755)  (4.6788  + 1.4045  D 


NOZ 


+ 1.  5487  R ) N_ 

THRT  NOZ  OZWT 
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FIGURE  57 

EXTERNAL  BOOSTER  RDT&E  COST  (U) 
Reference:  Equation  1 1 Section  2.3.6 

CEBRD  = >[»■=  (D  ■ WM)d  1.462  4 e]  (1  4 P^, 


Assuming: 

a = 1 
b = . 1 
c = 14.392 


d = .4263 
e = 0 

PEBC  =-  1 


this  becomes 


EBRD 


= 1.1  (1. 462)  (14. 392)  (D 


W ) 

m' 


4263 


'EBRD 

($K) 


( in.  ) 
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2.4  GUIDANCE  AND  CONTROLS 

2.4.1  Sources  and  Assumptions 

Guidance  and  Control  costing  methodologies  were  obtained 
from  two  basic  sources:  (1)  Cost  Estimating  Relationships  for 
Tactical  Missile  RDT&E  (Reference  3),  (2)  the  ADTC  Air  Launched 
Weapon  System  Cost  Model  (Reference  2).  Three  types  of  missile 
guidance  systems  are  costed:  (1)  passive/semi -active,  (2)  active, 
ana  (3)  infrared.  Control  Systems  are  costed  with  and  without 
autopilot.  Both  guidance  and  controls  are  costed  at  the  system 
level  and  no  subsystem  cost  details  on  such  items  as  gyros, 
computers,  radomes  are  available.  Both  RDT&E  and  Production 
first  unit  costing  methodologies  were  derived. 

2.4.2  RDT&E  CERS 

2.4.2.  1 Guidance 


The  Guidance  System  RDT&E  costing  methodology  was 
lifted  directly  from  Reference  3.  It  covers  the  three  missile  guidance 
types  of  interest  and  is  computed  as  a function  of  guidance  system 
first  unit  cost.  The  RDT&E  costs  include  all  costs  necessary  to 
develop  a guidance  system  from  conceptual  design  to  the  point  of 
manufacture.  The  CER  used  is  described  as  follows: 


CGRD  = a <b  <e  (C  + d CgFU  °>  + S) 


(1) 

Fig.  58 


where: 


C = guidance  system  RDT&E  cost  in  thousands  of  dollars. 

OKU 

a = inflation  factor  used  to  adjust  cost  to  future  years. 

For  1974  costs,  a = 1. 

b = RDT&E  complexity  factor.  For  state  of  the  art 

system,  b = 1. 

c = 8. 37 

d = .0157 


I 
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f 


g = miscellaneous  cost  term  in  thousands  of  dollars. 

Normally,  the  value  is  zero. 

C = Guidance  system  first  unit  cost  in  thousands  of 

GFU  , 

dollars. 

Figure  58  shows  the  CER  results  as  a function  of  gui- 
dance system  first  unit  cost,  assuming  values  for  the  other  required 
inputs.  The  CER  is  assumed  valid  over  the  total  range  of  missile 
guidance  systems  used  in  the  SEATIDE  process. 


2. 4.  2.  2 


Controls 


The  control  system  RDT&E  costing  methodology  was 
lifted  directly  from  Reference  2.  It  covers  the  type  of  control 
systems  of  interest  to  the  SEATIDE  process  and  is  a function  of 
the  dynamic  pressure  encountered,  the  control  surface  area,  and 
adaptive  gain  control  ("dither").  The  RDT&E  costs  include  all 
costs  necessary  to  develop  a control  system  to  the  point  of  manu- 
facture. The  CER  used  is  defined  as  follows: 


CRD 


a ((b  + c QA  + d KGAm)  e + f) 


(1) 

Fig.  59 


where: 


CRD 


= control  system  RDT&E  costs  in  thousands  of  dollars. 

= inflation  factor  to  adjust  cost  for  future  years.  For 
1974  costs,  a = 1. 

= 4798. 

= 222.7 

= 5796.3 

= RDT&E  complexity  factor  used  to  adjust  cost  for 
exceptional  problems  or  windfall.  For  state  of  the 
art  systems,  e = 1. 

= miscellaneous  cost  term  in  thousands  of  dollars. 

= product  of  dynamic  pressure  encountered  times  control 
surface  area  in  thousands  of  pounds.  In  SEATIDE, 
control  surface  area  is  defined  as  tail  area.  (QA<170) 
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I 

K aim  ~ an  Captive  gain  control  term.  If  adaptive  gain 

("dither")  is  used.  KGA[N  = 1.  Ii  hot.  KCAm  = 0. 

Figure  59  shows  the  CER  results  as  a function  of 
dynamic  pressure  (Q)  and  tail  area  (A),  assuming  values  for  the 
other  terms  in  the  equation.  The  CER  is  assumed  valid  over  the 
total  ranges  of  dynamic  pressure  and  tail  surface  areas  used  in 
the  SEATIDE  cruise  missile  systems. 

2.4.3  Production  CERS 

2. 4.  3.1  Passive/Semi-Active  Guidance  Systems 


The  first  production  unit  passive/semi -active  radar 
seeker  CER  includes  all  hardware  associated  with  the  sensor  sub- 
system, including  sensor  electronics,  sensor  electromechanical 
components,  inertial  components,  wiring,  radome,  and  heating 
protection  elements  housing  the  seeker.  The  CER  was  lifted 
directly  from  Reference  2 and  is  discussed  as  follows: 


GFUP 


= a 


where: 


GFUP 


c 

d 

e 

f 

g 

h 


"l 


350 
+ h K 


16  b<‘  kleg  fc“  + e k 


GTG  Fc  + 8 KSTAB 


AGATE  + 1 NCHAN  KSGATE  + ^ KSGATE)  + k 


guidance  system  first  unit  cost  in  thousands 
of  dollars. 

inflation  factor  used  to  adjust  cost  for  future 
years.  For  1974  costs,  a = 1. 

production  complexity  factor  used  to  adjust 
costs  for  exceptional  problems  or  windfalls. 
For  state  of  the  art  systems,  b = 1. 

to  be  supplied  by  DE-1 

to  be  supplied  by  DE-1 

to  be  supplied  by  DE-1 

to  be  supplied  by  DE-1 

to  be  supplied  by  DE-1 

to  be  supplied  by  DE-1 
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] 


(2) 

Fig.  60 


FIGURE  60 

GUIDANCE  FIRST  UNIT  COST,  PASSIVE/SEMI-ACTIVE  RADAR  SEEKER  (U) 


Reference:  Equation  2 Section  2,4.  3.1 


r i. i6  b 


GFUP 


= aLl000  (.35)  (C  Kleq  F 


GTG 


STAB 


h kagate  * 1 nchan  ksgate  + j ksgate)  + k 


Assuming: 


1 

g = 10500 

KSTAB  = 1. 

1 

h = 2400 

kleg,  kgtg 

7129. 

i = 143 

-.056 

j = 2885 

kagate  = 1 

62 

o 

II 

X 

C 

II 

2.  35 

SGATE 

nchan  = 0 

1 if  F>6 


this  becomes; 
C 


1.  16 


GFUP  ' 1000  (.35)  (?129  KLEG  F + 62  KGTG  F + 10500  + 2400> 
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1 

j 

k 

Fc 

K 

K 

K 


LEG 

GTG 

STAB 


to  be  supplied  by  DE-1 
to  be  supplied  by  DE-1 

miscellaneous  cost  term  in  thousands  of  dollars, 
center  frequency  in  GHZ 

I£  Fci6’  klec  = l!  “ Fc>6’  klec  = °- 
If  Fci6’  kgtg  = 0:  If  Fc>6’  kgtg  " 


K 


AGATE 


If  system  stabilized  in  place,  K 

If  not,  K__  . _ = 0. 

STAB 

If  angle  gating  used,  K 


N 


CHAN 


AGATE 

number  of  doppler  channels  if  K 


STAB  1- 
1.  If  not, 


kagate  " °' 


If  not'  kstab  = °’  nchan  = °- 


K 


SGATE 


= If  speed  gating  used,  K 
KSGATE  = °' 


SGATE 


STAB  l' 

1 . If  not, 


Figure  60  shows  the  CER  sensitivity  as  a function  of 
frequency  {F  ),  assuming  value  for  the  other  required  inputs.  The 
validity  of  the  CER  is  stated  in  Reference  2 as  between  2.9  and  10 
GHZ/f  | and  zero  to  30  doppler  channels  (N  ). 

2. 4.  3.  2 Active  Radar  Guidance  System  (Magnetron) 

The  first  production  unit  active  radar  seeker  CER 
include  all  hardware  associated  with  the  sensor  subsystem,  including 
sensor  electronics,  sensor  electromechanical  components,  inertial 
components,  wiring,  radome,  and  heating  protection  elements  housing 
the  seeker.  A magnetron  transmitter  is  used.  The  CER  is  lifted 
directly  from  Reference  2 and  is  described  as  follows: 


GFUA 


p- n 

L 350 


. 35)  b,  T,  ^ d d 

kleg  fc  +e  kgtg  fc 
+ 8 kstab  + h kagate  + 1 nchan  ksgate 

+ J KSGATE  + k + 1 (PPEAK)m  + n FCP  PPEAK> 


-J 


(3) 

Fig.  61 
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FIGURE  61 

GUIDANCE  FIRST  UNIT  COST,  ACTIVE  RADAR  (MAGNETRON) 


Equation 


GFUA 


STAB 


CHAN  SGATE 


As  sum 


10500 


KSTAB  = 1 


h = 2400 


CHAN 


GFUA 


10500  + 2400  + 1500  + 1620  P 


PEAK 


F (GHZ) 


where: 


'GFUA 


c,  d,  e, 
f.  g.  h, 
i.  j.  k, 
1,  m,  n. 


= guidance  system  first  unit  cost  in  thousands  of 
dollars 

= inflation  factor  used  to  adjust  cost  for  future 
years.  For  1974  costs,  a = 1. 

= production  complexity  factor  used  to  adjust  costs 
for  exceptional  problems  or  windfalls.  For  state 
of  the  art  systems,  b = 1. 


= to  be  supplied  by  DE-1 


GTG 
VSTAB  ( 
CAGATE 
JCHAN 


SGATE 


= same  as  defined  under  2.4.3.  1. 


P = peak  generated  transmit  power  in  kilowats 

Jr  kAK. 

q = miscellaneous  cost  term  in  thousands  of  dollars. 

Figure  61  shows  the  CER  sensitivity  as  a function  of 
frequency  and  peak  power,  assuming  value  for  the  other  required 
inputs.  The  validity  of  the  CER  is  stated  in  Reference  2 as  between 
2.9  and  10  GHZ  frequency  and  .1  to  50  KW  peak  power.  For  the 
purposes  of  the  SEATIDE  process,  however,  the  CER  is  assumed 
valid  up  to  20  GHZ  and  2 50  KW  peak  power. 
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2.4.  3.  3 


Infrared  Seeker 


The  first  production  unit  passive  infrared  seeker  CER 
includes  all  hardware  associated  with  the  sensor  subsystem,  including 
sensor  electronics,  sensor  electromechanical  components,  inertial 
components,  wiring,  radome,  and  heating  protection  elements  housing 
the  seeker.  The  CER  was  lifted  directly  from  Reference  2 and  is 
described  as  follows: 

a P 350  FC  BSP  + f ^NDET  ^ + + h j ^ 

L J Fig. 


CGFUI 

where: 


CGFUI 


guidance  system  first  production  unit  cost  in 
thousands  of  dollars. 


a 


b 


c,  d, 
e,  f,  g J 


inflation  factor  used  to  adjust  cost  for  future 
years.  For  1974  costs,  a = 1. 

production  complexity  factor  used  to  adjust  costs 
for  exceptional  problems  or  windfalls.  For 
state  of  the  art  systems,  b = 1. 

to  be  supplied  by  DE-1 


N 


DET 


= miscellaneous  cost  term  in  thousands  of  dollars. 
= center  frequency  in/«.M 
= spectral  bandwidth  in^tM 
= number  of  detectors 


Figure  62  shows  the  CER  sensitivity  as  a function  of 
frequency  and  number  of  detectors.  The  validity  of  the  CER  is 
stated  in  Reference  2 as  valid  between  frequencies  of  3-S^u.M, 
bandwidth  of  . 5-2 y^M,  and  numbers  of  detectors  between  1 and 
10.  However,  for  the  purposes  of  SEATIDE,  the  CER  is  assumed 
valid  up  to  frequencies  of  14/tM  and  bandwidth  up  to  b ju  M. 
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FIGURE  62 

GUIDANCE  FIRST  UNIT  COST,  PASSIVE  IR  SEEKER  (U) 


Reference:  Equation  5 


Section  2.4.  3.  3 


CGFUI  a ["  1000  (.35)  [C  F BSP  + f (NDET  1 ) + 8 ] + hJ 


1.  16b 
1000  (.35) 


Assuming: 
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c = 9018 
d = .177 

this  becomes 
CGFUI 
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g = 3700 
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2.4.  3.4 


Control  Systems  with  Autopilot 


The  first  production  unit  CER  for  control  systems  with 
autopilot  includes  the  costs  of  actuators,  accumulators,  energy 
system,  nozzles,  thrusters,  tanks,  valves,  wiring,  structural  and 
heat  protection  elements,  pumps,  and  plumbing  of  the  control  system 
plus  the  movable  and  nonmovable  control  surfaces.  It  also  includes 
autopilot  related  gyros,  accelerometers,  and  electronics.  The 
CER  was  taken  directly  from  Reference  2 and  is  described  as 


follows: 


CCFU 


= a 


[- 


16  (b  WCS  + c qa  " d>  e 


198 


(2) 

Fig.  63 


where: 


CCFU 


control  systems  first  unit  cost  in  thousands  of 
dollars . 


a 


inflation  factor  to  adjust  costs  to  future  years. 
For  1974  costs,  a = 1. 


b,  c,  'i 

d J 


e 


f 

W 


cs 


to  be  supplied  by  DE-1 

production  complexity  factor  used  to  adjust  cost 
for  exceptional  problems  of  windfall.  For  state 
of  the  art  systems,  e = 1. 

miscellaneous  cost  term  in  thousands  of  dollars. 

control  section  weight  (including  control  surface) 
in  pounds. 


maximum  force  on  control  surfaces  in  thousands 
of  pounds.  This  is  the  product  of  dynamic  pressure 
and  control  surface  area. 


Figure  63  shows  the  CER  sensitivity  to  control  section 
weight  and  Q , assuming  values  for  the  other  required  inputs.  Ref- 

A 

erence  2 states  that  the  CER  is  valid  for  control  section  weights  up 
to  360  pounds  and  values  up  to  170.  These  values  are  probably 
of  sufficient  magnitude  for  the  SEATIDE  process. 
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FIGURE  63 

CONTROLS  FIRST  UNIT  COST  (WITH  AUTOPILOT)  (U) 


Reference:  Equation  2 


CFU 


Assum 


this  becomes 


2.4.  3.  5 


Control  Systems  without  Autopilot 


This  CER  was  lifted  directly  from  Reference  2 and 
constructed  in  the  same  fashion  as  the  CER  for  control  system 
with  autopilots,  except  that  no  autopilot  related  items  are  included 
in  the  costing.  The  CER  is  described  as  follows: 


1.  16  (b  W 

T 


CStcQAtd)e  + 


(3) 

Fig.  64 


where: 


C = control  systems  first  unit  cost  in  thousands 

of  dollars. 

a,  e,  f = same  as  that,  defined  under  2.  4.  3.  4. 

b,  c,  d = same  as  that  defined  under  2.  4.  3.  4 except  that 

the  value  to  be  supplied  by  DE-1  are  different 
than  those  used  in  2.  4. 3. 4. 

W 

CS  = same  as  that  defined  under  2.  4.  3.  4 


Figure  64  shows  the  CER  sensitivity  to  control  section 
weight  and  Q assuming  values  for  the  other  required  inputs.  Ref- 

A 

erence  2 states  that  CER  is  valid  for  control  section  weights  up  to 

360  pounds  and  Q values  up  to  170.  These  values  are  probably 
A 

of  sufficient  magnitude  for  the  SEATIDE  process. 


11-130 


Assuming: 


a = 1 d = 1880 

b = 62  e = 1 

c = 213  f = 0 


WARHEAD 


2.  5 

2.  5.  1 Sources  and  Assumptions 

Warhead  costing  methodologies  were  obtained  from  two 
basic  sources:  (1)  Cost  Estimating  Relationships  for  Tactical 
Missile  RDT&E  (Reference  3),  and  (2)  The  ADTC  Air  Launched 
Weapon  System  Cost  Model  (Reference  2).  All  warheads  are 
assumed  to  be  high  explosive  blast,  blast  frag,  or  shaped  charge 
with  either  a contact  or  proximity  fuze.  The  warhead  unit  was 
costed  at  a system  level,  and  no  subsystem  details,  such  as 
fuzing,  charge,  and  safe/arm  device  are  available. 

2.  5.  2 Warhead  RDT&E 

Warhead  RDT&E  costs  include  the  design  and  engineer- 
ing associated  with  the  warhead,  safe/arm  device,  warhead  firing 
switch,  booster  charge,  fuzing,  and  necessary  wiring.  The  cost 
estimating  relationship  (CER)  used  to  estimate  warhead  RDT&E 
costs  was  taken  directly  from  Reference  3 and  is  discussed  as 
follows: 


where: 


'WHR 


'WHR 


b 

c 

d 

e 


a «b  t c WWH  + d Kfuze)  e + f) 


(1) 

Fig.  65 


total  warhead  RDT&E  costs  in  thousands  of 
dollars . 

inflation  factor  to  adjust  cost  for  future  years. 
For  1974  costs,  a = 1. 

103.43 

23. 096 

1352. 0 

RDT&E  complexity  factor  used  to  adjust  cost 
for  exceptional  problems  or  windfalls.  For 
state  of  the  art  warheads,  this  value  equals 
1. 


11-132 


50000 


40000 


30000 


WHR 


20000 


10000 


(LBS) 


FIGURE  65 

WARHEAD  RDT&E  COST  (U) 


WHR 


a ((b  + c W 


+ cl  K_  ) e + f) 
Fuze 


this  becomes: 


CWHR  = 103'43  + 23-°96WWH 
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Reference:  Equation  1 


Section  2.5.2 


Assuming: 


= 1 

= 103.43 
= 23.  096 


1352 

1 

0 


f = miscellaneous  cost  term  in  thousands  of 

dollars.  This  value  is  normally  zero. 

W\VH  = wai'head  weight  in  pounds. 

K„  = factor  for  fuzing  type  (0  for  contact  fuze, 

FUZE  b ’ r 

1 for  proximity  fuze) 

Figure  65  shows  the  CER  results  as  a function  of  warhead 
weight,  assuming  value  for  the  other  required  inputs.  The  validity 
of  the  CER  has  been  tested  in  Reference  3 for  warhead  weights  bet- 
ween 86  and  651  pounds.  For  the  purposes  of  relative  costing,  it 
is  assumed  valid  over  the  total  range  of  non-nuclear  warhead  weights 
encountered  in  the  SEATIDE  process. 

2.  5.  3 Warhead  Production  Costs 


Warhead  Production  costs  include  the  sustaining  engineering, 
sustaining  tooling,  test  equipment,  ECO/ECP's,  lot  acceptance,  and 
the  cost  of  the  warhead  metal  parts,  explosive,  and  explosive  loading. 
The  production  costs  represent  the  cost  to  produce  the  first  unit 


off  the  line  after  RDT&E  has  been  completed.  The  production  cost 


CER  was  lifted  directly  from  Reference  2 and  is  discussed  as  follows: 

.1/2 


'WHFU 


= a 


1, 


23  (b  + c(V  >d  + 


600 


(2) 

Fig.  66 


where: 


CWHFU 


first  unit  warhead  production  costs  in  thousands 
of  dollars. 


a 


b 

c 


= inflation  factor  to  adjust  cost  for  future  years. 
For  1974  costs,  a = 1. 

= constant  to  be  supplied  by  DE-1 

= constant  to  be  supplied  by  DE-1 


d = production  complexity  factor  used  to  adjust  cost 

for  exceptional  problems  or  windfalls.  For  state 
of  the  art  warheads,  this  value  equals  1. 
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jamm 


FIGURE  66 

WARHEAD  FIRST  UNIT  COST  (U) 


WHFU 


Assuming 


this  becomes 


WHFU 


e = miscellaneous  cost  term  in  thousands  of  1974  dollars 

Normally  the  value  is  zero. 

W w h = warhead  weight  in  pounds. 

Figure  66  shows  the  CER  results  as  a function  of  warhead 
weight,  assuming  values  for  the  other  required  inputs.  The  validity 
of  the  CER  is  expressed  in  Reference  2 as  between  8 and  250  lbs. 

WWH*  F°r  the  PurPoses  °*  relative  costing,  however,  the  CER  is 
assumed  valid  across  the  total  range  of  non-nuclear  warhead  weights 
used  in  the  SEATIDE  process. 
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ROM  STRUCTURE 


f 
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The  Relative  Cost  Model  (RCM)  is  an  integral  part  of  the  Concept 
Generation  and  Screening  Model  (CGSM).  The  roles  of  the  RCM  within  the 
CGSM  are  shown  in  the  flow  diagram  on  Figure  67.  The  RCM  is  primarily- 
designed  to  provide  relative  cost  data  to  the  CGSM  for  use  in  screening  mis- 
sile concepts  to  dominance  levels.  Cost  in  that  case  is  based  on  the  sub- 
system and  system  sizing  and  performance  data  computed  as  a routine  part 
of  concept  generation.  The  RCM  is  also  designed  to  provide  parametric 
data  to  the  user  independently  of  concept  generation.  Cost  in  that  case  is 
based  on  an  input  set  of  sizing  and  performance  parameters.  Input  to  the 
CGSM  required  to  execute  the  RCM  is  discussed  in  Volume  1IIA,  Sections 
III- 3.0  and  I II—  4.0.  Cost  output  is  described  in  Volume  IIIA,  Section  IV. 

The  RCM  consists  of  eleven  subroutines  and  approximately  1300 
cards  (excluding  CGSM  executive  logic  required  for  input  and  throughput  of 
data).  A listing  of  those  modules  is  included  as  Appendix  B. 

The  RCM  functional  flow  is  included  as  Figure  68.  Each  sys- 
tem (guidance,  controls,  warhead,  airframe  and  integration,  and  propulsion) 
is  costed  sequentially,  and  total  cost  is  the  sum  of  all  system  costs.  Both 
first  unit  production  and  RDT&E  costs  are  computed  for  each  system  and 
are  totaled.  Costing  of  individual  systems  can  be  bypassed  in  a given  JOB 
if  desired,  as  shown  on  Figure  68.  Bypass  control  is  discussed  in 
Volume  IIIA,  Section  III- 4.0. 
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Figure  68 
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Figure  68  (Continued) 
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APPENDIX  A 

SEATIDE  RELATIVE  COST  MODEL  TEST  CASE 
DEFINITIONS  AND  RESULTS 

1.  TEST  CASE  DEFINITION 

As  required  in  Task  2 of  the  statement  of  work,  test  cases 
for  the  demonstration  of  the  relative  cost  model  are  defined  in  this 
appendix.  The  test  cases  involve  all  three  models  of  the  SEATIDE 
process,  but  are  specially  designed  for  testing  the  relative  cost  model. 
Trade  factors  are  obtained  from  the  Naval  Engagement  Model  (NEM), 
configurations  are  generated  and  screened  using  the  relative  cost  model 
in  the  Cruise  Missile  Concept  Generation  and  Screening  Model  (CM- 
CGSM)  and  ranked  in  the  Relative  Worth  Model  (RWM).  Comparisons 
are  made  with  and  without  the  relative  cost  model  as  a screening  para- 
meter. The  first  test  cases  utilized  involve  an  air-launched  ASM  using 
liquid  propulsion.  Figure  A.  1-1  defines  the  parameters  used  in  this 
test  case,  including  the  missile  trajectory.  Trade  factor  variations 
are  made  for  cruise  velocity,  total  range,  and  warhead  weight.  Figure 
A.  1-2  describes  the  second  test  case,  a solid  fueled,  ship  launched 
surface-to-surface  cruise  missile  with  two  external  solid  rocket  boosters. 
Parameter  variations  and  the  missile  trajectory  are  shown.  Trade  factor 
calculations  are  made  for  warhead  weight,  cruise  velocity,  and  total 
range . 

Screening  and  ranking  for  the  two  cases  are  done  separately 
and  controlled  as  follows: 
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FIGURE  A.  1-1 
CASE  1 - ASM 


a. 

b. 


c. 

d. 


Propulsion:  Liquid  Rocket 

Guidance 

- Midcourse:  Autopilot  + T rack.  Command 
Terminal:  Homing  Radar 

Warhead:  HE  (500,  1000,  2000)*  Lbs. 

T rajectory: 


Launch: 

Cruise: 

Range,  Total: 
Run-In: 


Air,  35, 000  Ft,  400  Kts 
35,000  Ft,  (500,  1000)*  Kts. 
(100,  _150,  200)*  NM 
Low  Level,  5 NM,  V 

max 


> - 


i-'o  U K\. 


*Note:  Numbers  in  parenthesis  show  variations,  baseline  values  are 

underlined . 
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FIGURE  A.  1-2 
CASE  2 - SSM 


Note : 
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Rocket  Boosters 
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Numbers  in  parenthesis  show  variations, 
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1.  1 Case  I - ASM  Analysis 

Within  the  CM-CGSM,  screening  is  done  to  obtain  top  level  candi- 
dates for  each  of  the  following  subcases: 

Case  1 ■ 1 . R - ASM,  500  KT  Cruise,  Screen  using  RCM 
Case  1 . 1 . W - ASM,  500  KT  Cruise,  Screen  using  Weight 
Case  1.  2.  R - ASM,  1000  KT  Cruise,  Screen  using  RCM 
Case  1.  2.  W - ASM,  1000  KT  Cruise,  Screen  using  Weight 
Comparison  of  Cases  1.  l.R  and  1.  1.  W will  show  the  influence  of 
the  relative  cost  model  on  ASM  screening. 

1 . 2 Case  II  - SSM  Analysis 

Within  the  CM-CGSM,  screening  is  done  to  obtain  top  level  candi- 
dates for  each  of  the  following  subcases: 

Case  2 . 1 . R - SSM,  800  KT  Cruise,  Screen  using  RCM 
Case  2.  1 . W - SSM,  800  KT  Cruise,  Screen  using  Weight 
Case  2.  2.  R - SSM,  1250  KT  Cruise,  Screen  using  RCM 
Case  2.  2.  W - SSM,  1250  KT  Cruise,  Screen  using  Weight 
Comparison  of  Cases  2.2.R  and  2.  2.  W will  show  the  influence  of 
the  RCM  on  SSM  screening. 

Where  feasible,  several  CM-CGSM  runs  may  be  combined  and  run 
as  a single  CM-CGSM  run.  These  single  runs  will  be  screened  jointly  with 
consideration  taken  with  regard  to  any  penalty  imposed  on  any  particular 


design. 


RWM  Analysis 


These  top  level  candidates  for  both  the  ASM  and  SSM  analysis  were 
then  put  together  into  the  RWM  and  ranked  as  the  following  cases: 

Case  l.R  - ASM,  with  RCM 
Case  2.  R - SSM,  with  RCM 
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NAVAL  ENGAGEMENT  MODEL  - TEST  CASE  RESULTS 
Trade  Factors,  for  use  in  the  CM-CGSM,  as  discussed  in  Vol. 
IIA,  Section  V,  were  developed  for  the  ASM  and  SSM  test  cases  pre- 
viously defined.  Two  naval  engagements  were  set  up  similar  to  that 
defined  in  Appendix  A,  Vol.  IIB.  While  each  contains  a mix  of  Naval 
weapons,  one  featured  ASMs  and  the  other  SSMs.  The  elements  common 
to  the  two  engagements  are: 

A BLU  Task  Force  is  in  transit  in  the  open  sea.  The  Task 
Force  has  been  under  observation  for  several  days,  and  RED  plans  a 
coordinated  attack  at  time  T=0  hours.  RED  will  attack  with  surface 
ships  and  land-based  aircraft,  armed  with  cruise  missiles.  BLU  will 
defend  with  carrier-based  aircraft,  surface-to-air  missiles,  and  guns. 
Both  sides  move  along  pre-planned  routes  until  engagement  interactions 
produce  a change.  Force  composition,  planned  routes,  and  engagement 
outcomes  are  given  below  for  the  test  cases.  All  positions  and  planned 
routes  are  in  terms  of  an  arbitrary  rectangular  X- Y coordinate  system, 
scaled  in  nautical  miles.  Positive  Y is  north. 

Value  Lost  on  each  side  is  in  terms  of  the  value  scheme 
developed  in  Appendix  J,  Vol.  IIB,  and  shown  here  in  Table  A.  2-1. 

Worth  is  computed  as: 


W = 

whe  re: 

BVL 

RVL 


BVL  + RVL  X 100 

BLU  Value  Lost 
RED  Value  Lost 
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TABLE  A. 2-1 


VALUE  ASSIGNED  TO  UNITS 


TYPE 

BLU 

SYMBOL 

NAME 

VALUE 

6113 

CVA 

Aircraft  Carrier 

400 

6132 

CG 

Guided  Missile  Cruiser 

80 

6153 

DD 

Destroyer 

20 

6154 

DDG 

Destroyer,  Guided 

Mis  sile 

40 

6155 

DLG 

Destroyer,  Guided 

Missile 

40 

6212 

VF 

Fighter  Aircraft 

2 

6221 

RED 

VA 

Attack  Aircraft 

2 

8137 

CLGM 

Light  Cruiser,  Guided  Missile 

80 

8154 

DLG 

Destroyer,  Guided  Missile 

40 

8227 

BGGM 

Bomber,  Guided  Missile 

4 

8242 

BED 

Bomber,  Director 

3 

r 


2.  1 ASM  Trade  Factors 

The  BLU  side  consists  of  one  Carrier  Task  Group  and  one 
Guided  Missile  Cruiser  Group.  The  RED  side  consists  of  two  CLGM 
Groups  (KGRP)  and  associated  aircraft  (B-RGPX),  and  five  aircraft 
Groups  (BGRP)  carrying  ASMs.  Each  KGRP  consists  of  one  CLGM 
and  two  DLGs.  Each  BGRP  consists  of  four  BGGM  aircraft  carrying 
2 ASMs  each.  The  planned  deployment  of  the  two  sides  at  time  T=0 
is  shown  in  Figure  A.  2-1.  Detailed  formations  of  the  two  BLU  Groups 
are  shown  in  Figure  A.  2-2  and  A.  2-3.  The  planned  routes  for  the 
RED  Groups  are  shown  in  Figure  A.  2-4. 

A Baseline  ASM  and  five  variations  were  run  with  results  as 
shown  in  Table  A.  2-2.  These  were  obtained  as  two  sets  of  runs  of  4 
Monte  Carlo  "passes"  each,  with  averages  taken  of  BLU  value  lost  and  RED 
value  lost.  The  variations  of  worth  from  the  baseline  worth  are  plotted  in 
Figure  A.  2-5.  Note  the  multiple  points  shown  for  Delta  Worth  shown  for 
the  200  NM  range  variation.  This  is  an  example  of  the  use  of  engineering 
judgement  used  to  supplant  a particular  item  generated  by  one  of  the 
models.  In  this  case  it  was  felt  that  the  lower  point  (connected  by  the  dashed 
line)  and  the  point  shown  for  the  baseline  were  both  "outliers"  in  the 
statistical  sense  and  that  the  delta  worth  versus  range  did  not  actually 
possess  a negative  slope  between  150  NM  and  200  NM  range.  In  actual 
practice  this  point  would  be  resolved  by  additional  NEM  runs  and  more 
detailed  analysis  of  the  results. 
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FIGURE  A.  2-5 
ASM  TRADE  FACTORS 
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2.  2 

The  BLU  side  consists  of  one  Carrier  Task  Group  and  one  Guided 
Missile  Cruiser  Group.  The  RED  side  consists  of  two  CLGM  Groups  (KGRP) 
and  associated  aircraft  (B-RGPX),  and  two  Aircraft  Groups  (BGRP)  carry- 
ing ASMs.  Each  KGRP  consists  of  three  CLGMs  each  carrying  eight  SSMs 
and  forty- eight  SAMs,  plus  two  DLGs  each  carrying  forty- eight  SAMs.  The 
planned  deployments  of  the  two  sides  at  time  T=0  is  shown  in  Figure  A.  2-6. 
Detailed  formations  of  the  two  BLUGroups  are  shown  in  Figures  A.  2-7  and 
A.  2-8.  The  planned  routes  for  the  RED  Groups  are  shown  in  Figure  A.  2-9. 

A Baseline  SSM  and  six  variations  were  run  with  results  as  shown 
in  Table  A.  2-3.  The  variations  of  Worth  from  the  baseline  Worth  is  plotted 
in  Figure  A.  2-10. 
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NEM  - SSM  TEST  CASE  RESULTS 
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FIGURE  A.  2-10 
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CONCEPT  GENERATION  AND  SCREENING  MODEL  - 
TEST  CASE  RESULTS 


CGSM  test  case  results  are  presented  in  this  section.  Those 
results  are  discussed  as  three  topics,  including  the  following:  (11  ASM  test 
cases  with  screening  on  RCM  cost;  (2)  SSM  test  cases  with  screening  on 
RCM  cost;  and  (3)  ASM/SSM  test  cases  with  screening  on  weight.  Cases 
1.  l.R  and  1-2.R  (see  Sections  1.  1 and  1.2  above)  are  discussed  as  a part 
of  topic  (1) , while  Cases  2.  1.  R and  2.  2.  R are  discussed  under  topic  (2). 

The  third  topic  includes  Cases  1.  1.  W,  1.2.  W,  2.  1.  W,  and  2.  2.  W. 

3.  1 ASM  TEST  CASE  - SCREENING  USING  RCM 

The  first  test  case  called  for  generation  and  screening  of  a non- 
boosted  ASM  to  meet  the  mission  requirements  listed  on  Figure  A.  1-1.  A 
single  CGSM  job  was  constructed  and  executed  to  meet  those  requirements, 
and  the  input  for  that  job  is  listed  in  card  image  form  on  Figure  A.  3-1. 
Missile  diameters  from  26  to  34  inches  were  required  along  with  total  mis- 
sile weights  from  8000  to  9500  pounds.  Warhead  weights  of  500,  1000,  and 
2000  pounds  were  postulated  for  the  test  case  (see  Figure  A.  1-1).  Each 
combination  of  diameter  and  warhead  weight  had  to  be  matched  with  a unique 
input  payload  length  using  compatibility  matrices.  Wing  area  and  tail  area 
were  computed  and  input  for  each  diameter  (based  on  cruising  at  35,000  ft. 
at  Mach  0.87)  and  were  matched  with  those  diameters  using  a compatibility 
matrix. 

An  integrated  missile  design  was  generated  for  each  compatible 
permutation  of  total  weight,  diameter,  warhead  weight,  payload  compartment 
length,  tail  area,  and  wing  area.  A total  of  53  designs  were  successfully 
integrated.  A summary  plot  of  those  missiles'  airframe  dimensions  is  in- 
cluded as  Figure  A.  3-2  for  a warhead  weight  of  1000  pounds.  Missile  length 
is  shown  to  vary  between  300  and  500  inches  in  that  plot. 
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Each  of  the  designed  missiles  was  flown  over  the  three  test  case 
trajectories.  Several  designs  were  unable  to  fly  all  of  the  trajectories  due 
to  performance  limitations  (incompatibilities  between  design  and  perform- 
ance inputs);  however,  a total  of  138  design/performance  combinations  were 
successful.  A summary  plot  of  those  missiles'  range  capabilities  is  included 
as  Figure  A.  3 -3  for  two  of  the  cruise  speeds.  Total  missile  range  is  seen 
to  be  very  sensitive  to  cruise  speed.  That  is,  an  increase  in  speed  is 
achievable  only  at  the  expense  of  a reduction  in  total  range.  The  dependence 
of  range  on  speed  is  itself  dependent  on  such  design  parameters  as  cruise 
altitude,  wing  and  tail  areas,  and  maximum  thrust.  Those  parameters  can 
be  controlled  by  input  in  a given  CGSM  job. 

Each  successful  design/trajectory  combination  was  assigned  a 
concept  number  in  the  CGSM  and  each  was  passed  along  to  the  Relative  Cost 
Model  (RCM)  within  the  CGSM  for  costing.  First  unit  production  cost  was 
designated  as  the  screening  cost  parameter  during  this  CGSM  job.  The 
worth  of  each  concept  is  computed  based  on  NEM  data  (see  Section  2)  and  the 
set  of  concepts  is  screened  on  cost  versus  worth.  ASM  test  case  screening 
results  are  shown  on  Figures  A.  3-4  through  A.  3-7.  A copy  of  the  C GSM 
summary  output  1 r top  level  screened  concepts  is  found  in  Figure  A.  3-4. 

All  top  level  concepts  are  seen  to  be  low  speed  missiles  (VCR  = cruise  Mach 
no.  = 0.87).  Small  warheads  tend  to  dominate  at  lower  cost,  while  larger 
warheads  dominate  at  higher  cost.  The  NEM  data  on  worth  versus  total 
range  (see  Figure  A.  2-  5 in  Section  2)  shows  that  worth  levels  off  at  ranges 
in  excess  of  about  150  n.  mi.  That  trend  in  the  worth  data  affects  screening 
to  the  extent  that  concepts  which  differ  only  in  total  weight  tend  to  cluste.- 
at  the  point  that  range  passes  150  n.mi.  That  clustering  is  seen  clearly  in 
Figure  A.  3-5,  which  is  a plot  in  cost/worth  coordinates  of  the  top  four  levels 
of  ASM  concepts.  Concepts  whose  range  is  less  than  150  n.mi.  appear  singly 
and  do  not  cluster. 
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Data  shown  in  Figure  A.  3-4  (CGSM  printout)  and  Figure  A.  3-5 
(plotted)  serve  to  aid  in  narrowing  down  the  set  of  concepts  by  focusing 
attention  on  those  with  high  worth.  Crossplots  such  as  those  in  Figures 
A.  3-6  and  A.  3-7  are  useful  in  explaining  and  illustrating  trends  identified 
in  Figures  A.  3-4  and  A.  3-5.  Effects  of  variations  in  speed  and  warhead 
weight  on  concept  worth  and  cost  are  illustrated  in  Figure  A.  3-6.  The 
"vertical"  lines  correspond  to  variations  in  warhead  weight  with  all  else  con- 
stant, and  the  "horizontal"  curves  correspond  to  cruise  speed  variations. 
Vertical  lines  in  cost/worth  coordinates  correspond  to  extremely  favorable 
trends,  while  horizontal  lines  signify  unfavorable  trends.  Applying  those 
criteria  to  Figure  A.  3 -6  leads  to  a selection  of  low  speed  and  large  warheads 
as  favorable  ASM  characteristics.  The  crossplot  on  Figure  A.  3-7  illus- 
trates that  the  value  of  missile  total  weight  is  a function  of  cruise  speed. 

At  the  lowest  speed,  where  even  the  smallest  missile  generated  in  the  test 
case  can  fly  150  miles  or  more,  total  weight  does  not  significantly  affect 
cost  or  worth  (with  all  else  constant).  At  that  lowest  speed,  weight  could  be 
fixed  by  launcher  constraints.  At  the  higher  speeds,  increases  in  weight 
become  desirable. 


SSM  TEST  CASE  - SCREEN  USING  RCM 


The  second  test  case  called  for  generation  and  screening  of  a 
boosted  SSM  to  meet  the  mission  requirements  listed  in  Figure  A.  1-2.  A 
single  CGSM  job  was  constructed  and  executed  to  meet  those  requirements, 
and  the  input  for  that  job  is  listed  in  card  image  form  on  Figure  A.  3 -8. 
Missile  diameters  from  26  to  30  inches  were  required  along  with  total  mis- 
sile weights  from  6000  to  16000  pounds.  Warhead  weights  of  500,  1000,  and 
2000  pounds  were  postulated  for  the  test  case  (see  Figure  A.  1-2).  Each 
combination  of  diameter  and  warhead  weight  had  to  be  matched  with  a unique 
input  payload  length  using  compatibility  matrices.  Wing  area  and  tail  area 
were  computed  and  input  for  each  diameter  (based  on  cruising  at  500  ft.  at 
Mach  1.2)  and  were  matched  with  those  diameters  using  a compatibility 
matrix. 


An  integrated  missile  design  was  generated  for  each  compatible 
permutation  of  total  weight,  diameter,  warhead  weight,  payload  compart- 
ment length,  tail  area,  and  wing  area.  A total  of  36  designs  were  success- 
fully integrated.  A summary  plot  of  those  missiles'  airframe  dimensions 
is  included  as  Figure  A.  3-9,  for  a warhead  weight  of  1000  pounds.  Missile 
length  is  shown  to  vary  between  200  and  400  inches  in  that  plot.  A typical 
SSM  launch  tube  length  limit  is  plotted  on  Figure  A.  3-9  for  reference. 

Each  of  the  designed  missiles  was  flown  over  the  three  test  case 
trajectories.  Several  designs  were  unable  to  fly  all  of  the  trajectories  due 
to  performance  limitations  (incompatibilities  between  design  and  perform- 
ance inputs);  however,  a total  of  108  design/performance  combinations  were 
successful.  A summary  plot  of  those  missiles'  range  capabilities  is  included 
as  Figure  A.  3-10  for  a cruise  speed  of  1.2. 

The  effects  of  cruise  speed  on  total  range  were  found  to  be  minor 
within  the  SSM  operating  regime  postulated  for  this  test  case.  The  depen- 
dence of  range  on  speed  is  itself  dependent  on  such  design  parameters  as 
cruise  altitude,  wing  and  tail  areas,  and  maximum  thrust.  Those  para- 
meters can  be  controlled  by  input  in  a given  CGSM  job. 

Each  successful  design/trajectory  combination  was  assigned  a 
concept  number  in  the  CGSM  and  each  was  passed  along  to  the  Relative  Cost 
Model  (RCM)  within  the  CGSM  for  costing.  First  unit  production  cost  was 
designated  as  the  screening  cost  parameter  during  this  CGSM  job.  The 
worth  of  each  concept  is  computed  based  on  NEM  data  (see  Section  2)  and  the 
set  of  concepts  is  screened  on  cost  versus  worth.  SSM  test  case  screening 
results  are  shown  on  Figures  A.  3-11  through  A.  3 -14.  A copy  of  the  CGSM 
summary  output  for  top  level  screened  concepts  is  found  in  Figure  A.  3-11. 
Low  cost  within  level  1 corresponds  to  small,  low-speed  missiles  with  small 
warheads.  Cost  and  worth  increase  as  total  weight,  warhead  weight,  and 
speed  increase,  so  that  the  highest  cost  concept  in  level  1 is  the  largest  and 
fastest  missile  with  the  largest  warhead. 
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Data  shown  in  Figure  A.  3-11  (CGSM  printout)  and  Figure  A.  3-12 
(plotted)  serve  to  aid  in  narrowing  down  the  set  of  concepts  by  focusing 
attention  on  those  with  high  worth.  Crossplots  such  as  those  in  Figures 
A.  3-13  and  A.  3-14  are  useful  in  explaining  and  illustrating  trends  identified 
in  Figures  A.  3-11  and  A.  3-12.  Effects  of  variations  in  speed  and  warhead 
weight  on  concept  worth  and  cost  are  illustrated  in  Figure  A.  3-13.  The 
"vertical1'  lines  correspond  to  variations  in  warhead  weight  with  all  else 
constant,  and  the  "horizontal"  curves  correspond  to  cruise  speed  variations. 
Vertical  lines  in  cost/worth  coordinates  correspond  to  extremely  favorable 
trends,  while  horizontal  lines  signify  unfavorable  trends.  Applying  those 
criteria  to  Figure  A.  3-13  leads  to  a selection  of  low  speed  and  large  war- 
heads as  favorable  SSM  characteristics. 

The  crossplot  of  Figure  A.  3-14  shows  the  effects  of  total  weight 
and  warhead  weight  variations  on  cost  and  worth.  Increasing  total  weight  is 
shown  to  increase  both  worth  and  cost  with  a generally  unfavorable  trend. 

3.3  ASM/SSM  TEST  CASES  - SCREEN  USING  WEIGHT 

The  CGSM  test  cases  discussed  in  Sections  3.  1 and  3.  2 were 
executed  with  total  weight  specified  as  the  parameter  to  be  used  along  with 
relative  worth  for  screening.  The  results  of  those  screening  jobs  are  shown 
on  Figures  A.  3-15  through  A.  3-18.  Figure  A.  3-15  and  A.  3-17  present  the 
CGSM  printed  output  provided  for  level  1 concepts  for  the  SSM  and  ASM, 
respectively.  Figures  A.  3-16  and  A.  3-18  include  cost/worth  plots  for  the 
top  four  levels  of  SSM  and  ASM  concepts.  For  both  SSM  and  ASM  missile 
classes,  level  1 contains  only  those  concepts  with  the  largest  warhead. 

Level  1 SSMs  are  all  high  speed  concepts;  however,  level  1 ASMs  are  all 
low-speed  concepts.  Those  results  are  not  compatible  with  the  screening 
results  presented  for  the  two  missile  classes  in  Sections  3.  1 and  3.2. 

A comparison  of  screen -to -cost  results  and  screen-to-weight 
results  is  presented  on  Figures  A.  3-19  and  A.  3-20.  Data  are  presented  for 
the  SSM  only;  however,  all  conclusions  drawn  in  the  screening  comparison 
apply  equally  to  the  ASM  missile  class.  The  effects  of  cruise  speed  variations 
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on  cost  and  worth  are  shown  on  Figure  A.  3-19  for  both  screen-to-cost  and 
screen-to-weight  test  cases.  An  increase  in  speed  is  seen  to  be  an 


"unfavorable"  option  when  cost  is  the  screening  parameter,  since  cost  in- 


creases much  more  rapidly  than  worth.  The  opposite  effect  is  seen  when 


weight  is  the  screening  parameter,  there  being  a net  increase  in  worth  with 


no  cost  penalty  for  the  higher  speed  concepts.  The  trend  seen  for  screen- 
to-cost  is  the  valid  trend.  Missile  cost  (especially  airframe  and  controls 
system  components)  does  increase  as  missile  speed  increases,  as  can  be 


verified  using  historical  data.  Effects  of  warhead  weight  on  cost  and  worth 
are  shown  on  Figure  A.  3-20  for  both  screen-to-cost  and  screen-to-weight 
test  cases.  Comparable  trends  are  observed  in  both  cases,  although  the 
added  cost  of  the  larger  warhead  is  evident  for  screen-to-cost  and  is 


obscured  for  screen-to-weight. 


The  CGSM  user  is  provided  with  the  option  of  screening  on  RCM 


cost  or  on  total  weight.  That  choice  is  a routine  part  of  CGSM  input  selec- 


tions. Screening  on  RCM  cost  is  recommended  to  the  user  as  the  more 


realistic  option. 
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FIGURE  A.  3-1  (Cont'd.) 
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RELATIVE  WORTH  MODEL  - TEST  CASE  RESULTS 
Relative  Worth  Model  (RWM)  analysis  was  conducted  for  the  two 
cases  described  in  Section  1.0  using  the  level  one  candidates  (after  initial 
screening  based  on  cost)  for  the  ASM  and  the  SSM  CM-CGSM  test  runs.  The 
ASM  case  had  21  concepts  in  level  one  while  the  SSM  case  had  13.  The  trade 
factors  used  are  shown  in  Figures  A.  4-1  and  A.  4-2  for  the  ASM  and  SSM 
cases,  respectively.  The  ASM  and  SSM  systems  data,  shown  in  Figures 
A.  4-3  and  A.  4-4,  were  generated  within  the  CM-CGSM  except  for  the  years 
to  IOC,  which  is  an  analyst  input. 

4.  1 TRADE  FACTORS 

The  theory  of  trade  factor  derivation  is  contained  in  Appendix  B, 
Volume  IV,  Relative  Worth  Model  Users  Manual,  and  is  not  repeated  here. 

The  trade  factors  derived  for  use  in  the  two  test  cases  are  shown  in  Figures 
■A.  4-5  and  A.  4-6.  They  cover  five  areas:  cost  with  respect  to  cost,  total  range 
with  respect  to  cost,  cruise  velocity  with  respect  to  cost,  warhead  weight 
with  respect  to  cost,  and  years  to  IOC  with  respect  to  cost.  Note  that  the 
sign  of  the  trade  factors  is  chosen  by  the  sign  convention  that  if  the  variable 
(e*  g*  » years  to  IOC)  is  such  that  low  values  are  preferred,  the  trade  factor 
is  negative.  If  high  values  are  preferred,  such  as  warhead  weight,  the  sign 
is  positive. 

4.  2 RANK  AND  RANK  BOUNDS 

Use  of  the  preceding  data  in  the  RWM  produced  the  computer  out- 
puts shown  in  Figures  A.  4-7  and  A.  4-8,  giving  system  name,  rank,  and 
rank  bounds  (if  any).  The  results  show  no  rank  bounds  because  the  inputs 
were  limited  tc  level  one  concepts  only.  To  illustrate  how  the  ranking  should 
be  interpreted,  the  highest  ranking  SSM  concept  is  concept  SSM -80  (System 
Number  11),  which  has  a first  production  unit  cost  of  $1 . 007  million,  a total 
range  of  85.  4 nautical  miles,  a cruise  velocity  of  MACH  1.  5,  a warhead 
weight  of  2000  pounds  HE,  and  a 4 year  time  to  IOC. 


; 
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4.  3 DISCUSSION 

The  output  of  the  RWM  for  both  the  ASM  and  SSM  test  cases 


supports  different  conclusions  than  the  CM-CGSM  output  regarding  the  pre- 
ferred systems.  In  the  SSM  test  case,  the  CM-CGSM  screening  for  level 
one  concepts  suggest  that  ASM  concepts  costing  around  $900K  would  be  near 


the  maximum  worth  per  unit  cost  point  on  the  level  one  curve.  This  area 
would  cover  SSM  system  numbers  7,  8 and  9.  The  RWM,  however,  after 
considering  the  low  cruise  velocity  of  these  systems  (MACH  1.  2)  and  the  trade 
factors  discussed  in  Figures  A.  4-5,  A.  4-6  downgraded  these  three  systems  to 
positions  7,  2,  and  5 respectively  and  elevated  system  number  1 1 to  position 
1.  In  the  ASM  test  case,  concepts  costing  $1.  35  million  appear  at  the  maxi- 
mum worth  per  unit  cost  point  in  the  CM-CGSM  level  one  screening.  This 
point  would  contain  system  numbers  17  and  18.  In  the  RWM,  a higher  cost 
system,  system  number  19,  was  preferred  due  to  longer  missile  range, 
with  all  other  system  characteristics  being  exactly  the  same.  System  numbers 
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5. 


GENERAL  CONCLUSIONS 


The  test  cases  shown  here  in  Appendix  A were  chosen  to 
demonstrate  the  uses  of  a Relative  Cost  Model  in  the  SEATIDE  Process, 
involving  all  three  models  (NEM,  CM-CGSM,  and  RWM).  Baseline  mis- 
sions and  missile  types  were  chosen  to  provide  as  much  variety  as  possible 
with  the  budget  and  time  available  (one  Liquid  Rocket  ASM,  and  one  Solid 
Rocket  SSM),  It  is  felt  that  the  usefulness  of  the  Relative  Cost  Model  was 
shown  in  the  results  and  discussion  in  Section  3.3. 

A reminder  is  in  order  about  the  conclusions  to  be  drawn 
concerning  the  "top  ranked"  concepts  which  emerge  in  these  test  cases. 

The  test  cases  are  not  studies  of  the  relative  merits  of  the  general  pro- 
perties of  a set  of  parameters  (missile  range,  speed,  etc.).  Instead, 
they  are  a study  of  these  parameters  on  specified  missions,  in  specified 
Naval  scenarios.  Further  study  (and  additional  variations)  might  well 
reveal  that  the  answers  are  sensitive  to  parameters  which  were  not 
varied  but  which  could  be  (e.  g.  , the  missile  cruise  altitudes,  the  terminal 
dive  angle,  the  wing  areas  used,  etc.). 

Note  should  also  be  taken  of  the  "top  level"  screening  results 
in  the  CGSM.  These  are  a function  of  the  trade  factors  derived  from  the 
NEM  and  a good  practice  should  be  to  analyze  the  sensitivity  of  the 
screening  results  to  variations  in  the  trade  factors.  At  the  present  time 
this  can  only  be  done  by  systematically  varying  the  trade  factors  input  to 
the  CGSM  and  making  multiple  runs.  Additionally,  it  should  be  remem- 
bered that  the  CGSM  screening  does  not  rank  concepts,  but  chooses  the 
"best"  for  each  cost.  The  analysis  of  the  cost  that  should  be  expended 
versus  worth  to  be  gained  is  to  be  studied  with  the  aid  of  the  Relative 
Worth  Model  (RWM). 
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RCM  SOURCE  PROGRAM  LISTING 


1. 


INTRODUCTION 


This  appendix  presents  the  complete  source  program  listing 
of  the  RCM.  Data  and  Job  Control  Language  cards  required  for  compila- 
tion and  use  of  this  program  within  the  CGSM  have  been  discussed  in  the 
CGSM  Users  Manual  (Vol.  IIIA). 

The  source  program  is  coded  in  the  FORTRAN  IV  Computer 
language.  Each  subprogram  is  labeled  in  card  columns  73  through  76, 
and  each  card  in  the  subprogram  is  assigned  a sequence  number  in  columns 
77  through  80.  The  RCM  includes  11  modules,  and  consists  of  approxi- 
mately 1400  source  cards.  An  index  of  those  modules  is  contained  in 
Table  1. 


! J 


2. 


RCM  SOURCE  LISTING 


SLPROUTINF  COSTUCNH)  CO$T00l0 

COMMON  /CDSTSC/  CTOT,CPTCT,CRTOT,COMPC<m  C1ST0020 

COMMON  /CONLY/  K INO ,0  I AFR T , SCMMUR ( 8 1 PPST0030 

CPMMPN  /SPRNNL/  SCR351I3511,  IOIJAMAIA)  CORTOOAO 

EQUIVALENCF  ( IDUAMAI3),  ICOST  ) CPST0050 

COMMON  /QACOST/  OMAXQ,  VMAXQ,  0UHQA(8)  POSTOOFO 

COMMON  /PASVAR/  CPAS8I8),  TAREA,  08AS1K1I)  C0ST0070 

PFAl  NOZWT.MP  CPSTOORO 

COMMON  /COMVLS/  WTANK,VEXIN,VREQ»GGW,HPPUMP,WTFUEL,VCCMM,VCCMI,  COSTOOOQ 

1 R5»  Y 1 » WNOZ  »KFM»  MATTK , A, OCOM , WMC  ,V8I , OTHRT f R NOZ I , NC 7WT , MP, C AS FM , POST 0 100 

2 FNFT,WT,WF,FMAX,S,TA,MFTTJ,ZXNB  *0 . HP ,F C » PPE AK , BS P , K CET , C A, W CS . COST0110 

3 WWH,WTC,WTP,WGG,KSC  ,WLV,VGT,»»0,WP,0P,WN,METAL,NCCNFG  COST 0120 

COMMON  /COSTIN/  PR  I A 1 , PRI A2 . PR JC , PRI A3 » PR  I 83 ,PR I AA ,PR IF A, PR ! A 5,  C"ST0130 

1PPIA6,PRIA7,PRIA8,PRIB8,PRIA9,PRIG9, PR! A 10, PR  I All . PR  I G1 1 . PR  1 A 1 2.  COST 01  AO 
2PRIB12, PPIF12.PR IA13.PRIF 13.PRI A1A.PRIE1A.PRI A15 .PPIFIS ,PRIA16,  COST  01 50 
3PRIE  16.PR I A17.PR IF17, PRI A18.PRIB18, PRIF18.PR! A19.PPI Elo.PRJ  A20 , CnSTOlfcO 
APR  I A2  l, PR  I A22.PRIR22tPRIA23,PRIB23,PRIC23»PRI A24, PRIC2A, PR  I A25,  COS  TO  170 
5PR  I B25,  PR l A26.PR  IR26,  PR  1C  26,  PRNA  1 , PRNA2  ,PRNA3  , PRNB  3 , FRN  AA  , PPNFA  , CO S TO  1 BO 
6PRNA5,PRNA6,PRNA  7 , PRN A 8 , PRNB 8 , PRN A9 , PRNG9 , PRNAIO , PRM1 1 , PRNG1 1 , CPST01O0 

7PRN A 12, PPNP12,PRNF  12, PRNA  13,PRNF 1 3 , PRN A1 A ,PR NFl A ,PRN AlC ,PRN A16,  CPST0209 
8PRNA17, PRN A 1 8, PRNB  IP , PRNA 1 9, PRN8 1 9 , PRNC 1 9, PRNA20 , PPNC20 , PRN A2 1 , COS  TO  2 10 

9PPNB21,  PRN  A2  2,  PRNB  22  , PRN  C 22,  PL  PC  ,PLA  1 ,PLA3  , PLR3  , PI  AA  , Pt.  A6  , PL  A8  , COS  TO  220 

APLBB.PL A9,PL All ,Pl B11,PLA13,PLB13»PLC13,PL013,PLAIA,PL01A,PLA16,  COST0230 
BPLB15,PLF15,PLF l5,PLAlt,PLE16,PLA17,PLA18,PLBl8,PLC18, PLA19, PI  A20.COST0240 
CPLB20,PIA21,PLB21,PLC21,PTA1,PTDI ,PTAA ,PTBA  ,PT A5  ,PTB5, PTE5, PTA6,  CO  ST 0250 
CPTF6.PT A7,PTR 7, PTC  7, PTJC  ,PTA 8 , PTD 8 , PTA9  , PTB9 ,PT AlO  , PT B 1 0 , PT CIO , COST0260 

EPFA3,PEP3,PFAA,PEEA,PEA5,PEF5,PF A6, PFB6.PEE6 ,PE A7 , PE E7, PF AB , PE  A9,  CPSTO2  70 
FPFAIO.PEBIO.PEC 10, PE A 1 1 , PEB 1 1 , PEE 1 1 . PF BC ,P SPC , PS A3 , PS B3 , PS AA , PS  FA, C0ST0  280 
GPSA5,PSF5,PSA6,PSF6,PSG6,PSA7,PSF7,PSA8,PSA9,PSA10  ,PSB10,PSC10,  COST0  2<>0 
HPSA  U.PSBll.PSEl  l.CFT.PF  T.CFCASF  .PFCASF ,CF C, PFC ,CFM , PFM, l YE AR  Cn$T0300 

COMMON  /COSTIN/  PR  I B 1, PR IC 1 , PR  I B2 ,PR 1 C2 , PR  I BA, PR ICA , PR 1 OA,PR I B5, COS  TO 3 10 

IPRIC5,PRIR9,PRIC9,PRI05,PRIE9,PR1F9,PRIB11,PRIC11,PR1011,PRIE1 1,  COST0320 
2PRIF1  1,PR  IC12.PR  10  12,PRIB13,PRIC13,PRID13,PRIBIA,PRICIA,PR!01A,  CPST0330 
3PPIB15,PRIC15,PR  I015,PPIB16,PRIC16,PRID16,PRIB17,PRIC17,PRI017,  C0STO3A0 
APPIE17, PRIC18.PR  ini8,PPIBl9,PRlC 19, PRI 019, PRI B2A , PRNPl , PR NCI , PR  KB 2C OS TO  3 50 

5,  PRNC  2, PRNBA,PRNCA,PR  NDA ,PRNB5,PRNC5»PPNB9,PRNC9, PRNC9 , PRNF9 .PRNF9COST0360 

6,  PRNB U, PRNC  11, PRN011,PRNE11,PRNF11,PRNC12,PRN012, PRNB13, PRNCl 3,  C05T0  370 

7PRN0  13, PRNB 1 A, PRNC  IA , PRNO IA , PRNB 1 5 . PRNC 1 5 , PRN01 5 , PRNB 16 , PRNC 16 , C0ST0  38O 
RPRNO  16, PRNR 1 7, PRNC l 7, PR  NO  1 7, PRNE 17, PRNB2  0 ,PLB1  ,PLC l ,PLA2 , PI B2, PLP4COST03°0 
9,  PI  CA,PLA5,PLB5,PLB6,PLC  6,PLA7,PLB7,PLB9,PLC9,PL  A10,PLB10,PLA12,  CPST0400 
API B l 2, Pt  B1 A, PLC IA.PLC 15, P LO 1 5, PLB 1 6, PL C 16 , PLD16 , PL P 19 , PLC 19 , PT  e 1 , CCST0A10 
PPTCI,PTA2,PTB2,PTA3,PTB3,PTC5,PT05.PTB6,PTC6,PT06,PTPB,PTC8,PEA1,  CCST0A20 
CPFP1,PFC1,PFA2,PEP2,PFC2,PFBA,PECA,PF0A,PFB5,PEC5, PEC5,PFE5,PFC6,  COST0A30 
CPFn6,PFP7,PEC7,PED7,PFCl l.PEOll.PSAl ,PSB1 ,PSCl,PSA2,PSB2,PSC2, PSPACOSTOAAO 
E,PSCA,PSPA,PSB5,PSC5,PS05,PSE5,PSB6,PSC6,PS06,PSF6 , PSB7 , PSC7 , PSP7 , C0ST0A50 
FPSF7, PSC 1 l, P SO ll, PRN022.PL 02 1 , PI E21, PT010 ,PTE10 ,PR  1026  C0ST0A60 

COMMON  /COSTIN/  PROFIT, QO,R,AF Al, AFBl , AFCl ,AFOl , AF I 1.AFA2, AFB2,  CPST0470 
1AFC.2,  AFA3,  AFR  3,  AFG3,  AFAA  ,AFBA  ,AFCA,AFOA,AF  JA,  AF  A5  , AFR5,  AFf5,  AFH5,  fOSTOAPO 
2 AF  A 6,  AF06,  AF0,6,  AFA7,AFC7,AF07,AFA8,AFB8,AFC8,AFP8,  AriR,  AFAR.ArPO,  FHSTOAQO 
3AFC9, Arr9, AFJ9, AFA  10, AFB10.AFC10, AFH10.AFA1 1 ,AFBt l , AFGl 1 , AF A 12,  COST 0500 

A AFC  12,  A rr  12,  AF  A l 3,  Arp  13,  AFC  1 3 , AF  A l A , AF  P 1 A , AFC.  1 A , KF  U7  F , ta  A 1 , W F 1 , WF  1 , CO  S TO  5 1 0 
5WA2,wr2.F’r2,KGA  1N,C.A  1 ,CF  l,CF  1 ,C.  A 2 ,CF2  , CF2  ,CA3  ,CF 3 ,C F3 , GA l ,CB l , OF  1 , CORTO520 
6KI  Ff,,K  TT6.K  STAB,  KAOATF  ,NCHAN,  KSG  ATF.GA2  ,GB2  ,C.K2  ,GA3  ,CH 3,003  , C,  A A » COST0530 
7C  P A * CMA.GA5,  CR5,0N5f  KO.KC  ,KW,KA,KP,IC,TYPE  , IC  TYPF  , I PRCST  C.OST0  540 

CrMMPN  / Cri  5 T |m  / AFF  1 ,AFF  1 ,AFG1  ,AFMl , AFC2  . AF02  , AFF?  , AFF2,  AFP3  , rnRTpss-) 


1AFD3,  AFF3,  AFF  3,  A FF 6, A FF 6 , AF G6  ,AFH6,AF|  6,AF05,AFE5,  AFF  5,  AFG5,  AFC. 6, 
2AFD6,AFF6, AFF6,  AFB  7. AFF 8 , AFF fl , AF GR , AFH8 , AFE9 , AFF9 , AFG9 , AFH9 , AF  1 9 , 
3AFC10. AFF 10 . AFF  10. AFG  1 C. AFC  1 1 . AF D 1 1 . AF F 1 1 . AFF 1 1 . AF  fi 1 2 . WB 1 . WC l . WD 1 


7CF5*GG5,CFTTAR(  1 1 ) , P F T T AB ( 1 1 J 

COMMON  /CSTPRV/  CBLC , C BMC , CCA SE, CCFU ,CCL ,CCM,CC CM! , CCCML, CCDMM , 

1 CCONT, CCPD,CEBFU,CFPPD,CFTJ,CFXIN,CGFU,CGPD, 

2 CGT.CGTOT.C IGN.CIRJFU,  C1RJR0,  CLF ,CLFL , CLGG ,CL I ,CL M, 


CJMENSION  DUMMY 11) 

FOUIVAIENCF  ( CBL  C,  DUMMY!  1 1 I 
DIMENSION  COMV ( 5 l ) » IC0MVI51I 
EQUIVALENCE  ( COMVIl),  WTANK), 
NAMELIST  /NCOUT/  COMV,lCOMV,KS 


I ICOMVtl) . WTANK  I 


rwu  i v civi.  c i Liinvi  Hi  hi  nniw  , i aunnu  i Ninrar.  i 
NAMELIST  /NCOUT/  COMV , I COMV ,KSTA B.KAGATF ,NCMAN ,KSG AT E , 

1 KG,KC,KW,KA,KP,IGTYPE, ICTYPE 

2 »KIND»DIAFRT»  SOMMOR 

3 ,OMAXC,VMAXQ,OUMQA, TAR  E A ,QA  SA V , SSA  V 
CAS  AV  * QA 


* S 

OMAXO  ,GT.  C.O  I 
VMAXO  .GT.  0.0  ) 
ICOST.NE.OI  CALL 


OA  • OMAXO  « 
S * VMAXQ  * 
PAGE 


' TAREA  / 166./  1000. 
3600.  / 6076.1155 


IFIICOST.GT.il  WRITFI6, NCOUT) 

DP  80  1*1, 1C* 

OUMMYI I 1*0. C 
NT  AN  X *0 .0 

IF  ((KIND  .GE.  20)  .AND.  (KIND  .LT.  30))  WTANX*WT 
if  ((KINO  .GE.  60)  .AND.  (KINO  .LT.  50)1  WTANX*WTAKK 
IF  (KfMl  .GE.  50)  WTAN X*WT 
A/ * A>WT  ANX 

IF  (KG  .FQ.  0)  CALL  GUCOST 
IF  (KC  .10.  C ) CALL  CTCOST 
IF  (KW  .fq , 0)  CALL  WHCOST 
IF  ( K A ,fO.  0)  CALL  AA  ICSTIA2, DUMMY,  1) 

IF  (KP  .ME.  0)  GO  TO  50 

IF  ( K INC  .NF.  10  .AND.  KINO  . NE  • 13)  GO  TO  10 
CALL  PSPCST 

IF  (KINn  .FQ.  13)  CALL  PEBCST 

rr  to  so 

IF  (kINC  .NF.  20  .AND.  KIND  .NE.  23)  GO  TO  20 
CALL  PI  PC  ST 

IF  (KIND  .FQ.  2 3 ) C A ( ( PEBCST 
GO  To  5C 

IF  (K I NO  .NE . 61)  GO  TO  3C 
CALI  P IRC ST 
CO  TO  50 


TO  2 0 


CnS  T0560 
COST0570 
,CF*ST05BD 
COST  0590 
COST  0600 
C0STQ610 
COST0620 
C0ST0630 
COST  0660 
C9ST0650 
COSTO660 
CQST0670 
FQST  0680 
COST  0690 
COST0700 
COST  0710 
COST  0720 
COST  0730 
COST  0760 
COST0750 
COS TO 760 
C0ST0770 
COST  0 780 
COST  0790 
COST  0800 
COST0810 
C0ST0820 
COST0830 
C0ST0860 
COST0850 
COST0860 
C0ST0B70 
COST0880 
COST0B90 
COST0900 
CO ST 09 10 
COST  0920 
CPST0930 
COST  0960 
C0ST0950 
C0ST0960 
TOST0970 
C0ST0980 
COST  0°90 
COST  1000 
C PST  1010 
COST  1020 
C°  ST  1030 
COST  1 060 
COST1 050 
CnST 1060 
COST  1070 
Cost  1080 
COST  1090 
mST  1 100 


9 - 6 


20 


GO  TO  40 


43)  CALL  PE8CST 


.AND. 


53)  CALL  PEBCST 


TO  50 


CWHFU 

CWHR 


COMPCC 

CCMPCC 

compc  r 
COM  PC  ( 
COMPC C 
COMPC I 
COMPCC 
COMPC( 


3C  IE  (KINC  .NE.  43  .AND.  KINO  . NF . 44)  GO  TO  40  C0ST1110 

CALL  PNRCST  COSTU20 

IF  (KINC  .EO.  43)  CALL  PE8CST  r"ST1130 

GO  TO  50  COST  1140 

40  IF  (KINC  .NE.  50  .AND.  KINO  .NE.  53)  GO  TO  50  COST1150 

CALL  PTJCST  COSTllfeO 

IF  (KIND  .EQ.  53)  CALL  PEBCST  COST1170 

50  CONTINUE  COSTURO 

CPSINT  = ( CPFU  - PROF  PR  ) * 0.15  / 1.15  C0ST1 1 <50 

CPFU  = CPFU  ♦ CFBFU  COST  1200 

CRPS  = CRPS  ♦ CEPPO  COST  1210 

CPTOT  = CPAFI  ♦ CPFU  ♦ CGFU  ♦ CCFU  ♦ CWHFU  COST1220 

CPTOT  = CRAFI  ♦ CRPS  ♦ CGPO  ♦ CCRO  ♦ CWHR  CPST1230 

CTOT  = CPTOT  ♦ CPTOT  CPST1240 

COMPCI  1 ) =CPAF  I COST  1250 

COMPC<  2)=CPFU  COST  1260 

CCMPC ( 3 )*CGFU  CnST 1270 

COMPCC  4)*CCFU  COST 12P0 

COMPCC  5 )=CWHFU  C0ST12P0 

COMPCC  6 )*CR  AF I CnSTlBOO 

COMPCC  7 ) =C  R P S COST1310 

COMPCC  8)*CGRD  COST l 320 

COMPCC  9 ) *CCRO  COST  1330 

COMPCC  10)=*CWHR  COST  1 340 

NTEN  * 10  COST  1350 

NK  IND  * MOO(KINO»NTEN)  COST1360 

IF  C ICOST  .EO.  0 ) GO  TO  9876  COST1370 

WRITE! 6,5111)  NCONFG  C0ST13P0 

5111  FORMAT ( M 8X,  1 3HC0NFI GURATION,  15  I COST1390 

WPITF(6,4210)  IYFAR  COST1400 

4210  FORMAT! ///22X23HRELATIVE  COST  SUMMARY  / COST1410 

l 16X22HCC0STS  IN  THOUSANDS  OF  , 15,  1 X8H00LL ARS ) / ) C0ST1420 

WR ITFC6,4212)  CRTOT ,CRAF I ,CRPS,CGRD,CCRD,CWHR  C0ST1430 

4212  FORMAT!  / 8X25HMI SSI LE  DEVELOPMENT  COSTS,  F35.2  / COST1440 

1 19X 22HA IR FRAME  ♦ INTEGRATION  , F14.2  / 19X1 7HPR0PULS ION  SYSTEMCOST 1450 

2 , F 1 9.2  / 19X15HGUI DANCE  SYSTE M,F 21 . 2/  19X15H COAT POLS  SYSTFM,  COST  1460 

3 F21.2  / 19X7HWARHEAD,F29.2  ) COST  1470 

WP ITFC6.4214)  CPTOT, CPAFI ,CPEU,CGFU,CCFUtCWHFU  C0ST1480 

4214  FORMAT!  8X35HMI SS I LE  FIRST  UNIT  PRODUCTION  COSTS  • F25.2  / C0ST1490 

1 19X22HA IR FR AME  ♦ INTEGRATIONS  14.  2 / 1 9X1 7H PROPULSION  SYSTEM  , COST1500 

2 F 1 9. 2 / 1SX15HGUIDANCE  SYSTEM, F21. 2/  19X15HC0NTRCLS  SYSTEM  , COST1510 

3 F21.2  / 19X7HWAR  HEAD ,F  29. 2 ) COST  1520 

WP I T F C 6,4? It ) CTOT  COST1530 

4216  FCPMATC  8X40HT0  TAL  COST  THROUGH  FIRST  UNIT  PRODUCTION  , F20.2)  C0ST1540 
IF  C ICOST  .LF.  0 ) GO  TO  9876  CPST1550 

CALL  PACE  CP  ST  1 560 

WRITE  C 6, 5 1 1 1 ) NCONFG  COST1570 

WR I TFC  6, 5 2 10  ) I YEAR  C0ST15P0 

5210  FORMAT!  1 5 X37FP  FL  ATIVF  COST  BREAKDOWN  - OF  VEl  OPMCNT  / CPST15O0 

l 16X22HC  COSTS  IN  THOUSANDS  OF  ,(5,  1X8H0FLLAPS1  ) rrtSTl600 

WP  ITEC  6,5212)  CRAFI,  C.RFNG,CROFV,CRFTO,CRTOPL,CRMFGt  , C RMFOM , CRQ  A , COST  16  10 

1 PRPAF  COST 16?0 

5212  FORMAT!  8X22F7  IRFP  AMF  ♦ INTEGRATION  ,F37.2  / mSTl630 

1 19X11FFNGINFFR  !NG,F25.?  / LSX11H0EVFL  OPMENT , F25.2  / CPST  1640 

2 19X16HFLICHT  TFSTOPS.  ,F20.2  / 1 9X  CH  TCPLI  NG , F29.2  / CPSTtftSO 


R-  5 


C0ST1 1 10 
COST  1120 
CF'ST  1130 
COST  1140 
COST  11 50 
C0ST1 160 
COST1170 
COST11RO 
C0ST11Q0 
COST  1200 
COST  1210 
COST  1220 
CPST 1230 
COST  1 ?40 
COST  1250 
COST  1260 
CF'ST  1270 
COST  1280 
COST  1290 
COST1300 
COST1310 
COST l 320 
COST  1330 
COST  1340 
COST  1350 
COSU360 
COST  1370 
CPST13P0 
COST  1 390 
COST  1400 
COST  1410 
COST l 420 
COST  1430 
COST  1440 


COST  1470 
CO  S T 1 4 8 0 
COST  1490 
CPST 1500 
COST  1510 
COST  1520 
COST  1530 
COST  1 540 
COST  1 550 
CF>ST1  560 
COSTl  570 
COST  l 580 
C PST  1 500 
rn st 1600 
CF1ST1610 
COST  1620 
rnST 1630 
CPST  1640 
CPST  If,  50 


V 


3 19X10HMFG.  LABOR  « F26.2  / 19X1 4HMFG.  MATER l AL S , F22 . 2 / 

4 19X  17H0UAI.  I TY  ASSUPANCF,  F19.2  / 19X6HPR0FI T « F30.2  ) 

WR ITEI6.5214  I CRPS,CGRD,CCRD,CWHR,CRTOT 

5214  FORM  AT  ( 8X  17HPROPULS!  CN  SYSTEM, F42. 2 / 

1 8X15FGUICANCE  SYSTEM  ,F44.2  / 8X l 5H CONTROLS  SYSTEM, F44. 2 / 

2 8X7HWARHEAD,F52.2  / 8X5HTOTAL.F54.2  1 
WR ITF ( 6, 31 1C  1 1 YEAR, CP AF1 

3110  FORMAT!/  1 4X,  4 7HRFLA  T!  VE  COST  BREAKDOWN  - FIRST  UMT  PRODUCTION 

1 / 19X  * 22H(COSTS  IN  THOUSANDS  OF  ,15,  IX,  RHD  CLL  ARS 1 / 

2 8X24HA IRFRAMF  AND  INTFGRA  TION  , F35.2  ) 

WRIT  FI  6,3111  * CPENG.CPTOCL ,CPMFG L,CPMFGM,CPQA, PPFUAF 

3111  FORMAT!  19X1 lHFNGlNEER ING  ,F 2 5. 2 / 19X7HT00LING.F29.2  / 

1 19X10HMFG.  LABOR  , F26.2  / 19X14HMFG.  MATERIALS  , F 22.2  / 

2 19X 17HQUALI TY  ASSURANCE  , F19.2  / 19X6HPR0F I T , F30.2  ) 

WRITE! 6, 31201  CGFU,CCFU,CWHFU,CPFU 

3120  FORMAT!  8X15HGUIDANCF  SYSTEM  , F45.2  / 8X15HCCNTPCLS  SYSTEM  , 

1 F45.2  / 8X7HWARHEA0  , F53.2  / 8X1 7HPR0PUL S I ON  SYSTEM 

IF!  NKIND  .EQ.  3 1 WR ITE <6, 31301  CEBFU 
3130  FORMAT!  13X16HEXTER NAL  BOOSTER  , F31.2  1 

IF  1NKIND.EQ.  31  WRITE  16,31401  C TCB ,C L I B ,CNOZB ,CPRP , CPL8, C I GNB , 
l CSAB , PROFEX 

3140  FORMAT!  19X4HC ASE ,F 32. 2 / 19X1 OHI NSULATI 0N,F26. 2 / 

1 19X6HN0Z ZLE , F 30. 2 / 19X1  OH PROPELLANT,  F26.2  / 

2 19X1 3HPR0P • LOADING  ,F23.2  / 1 9X 7HI GNI TER , F29.2  / 

3 19X1CHSAFE  ♦ ARM,  F26.2  / 19X6HPR0FI T,  F30.2  1 

IF  ! KINO  .LT.  2 C I WR  I TE 16, 3150)  CSRFU 

3150  FORMAT!  13X22HS0LID  ROCKET  SUSTAINER  , F25.2  1 

IF  ! KIND  .LT.  20  1 WRI TE ! 6, 3140 ICC ASE ,CLl ,CNOZ ,CPRC , 

1 CPLC»C  IGN,CSA,PROFPR 

IF!  IK  IND.LT.301  .AND.IKIN0.GE.201  1 WRI TEI6.31601  CLRFU,CTC,CT  P, 

1 CM,CPS,CT,CP,CPL  ,CSA,PROFPR 

31(0  FORMAT!  13X23NLIQUID  ROCKET  SUSTAINER  ,F24.2  / 


COST  1660 
COS  T 1 670 
COST  1680 
COST  1690 
COST  1700 
COST  1710 
COST  1720 
COST  1 7 30 
C0ST1 740 
COST  1 750 
CnST 1760 
COST  1 770 
COST  1780 
COST  1790 
COST  1800 
C0ST1810 
, F43.2 1C0ST 1820 
COST  1830 
C OST 1840 
COST  1850 
COST  1860 

rosTis70 

COST  1880 
COST1890 
COST  1900 
COST  1910 
COST  1920 
COST  19 30 
COST i 940 
COST  1950 
COST  1960 
COST  1970 
COST  1980 
COST  1990 
COST2000 
COST  2010 
COST  2020 


1 19X 14HTHRUST  CHAMBER  ,F 22.2  / 19X9HTURBCPUMP  , F27.2  / 

2 19X15HMISC.  EQUIPMENT  , F21.2  / 19X21HPRESSURIZATI CN  SYSTEM 

3 F15.2  / 19X7HTANKAGE  , F29.2  / 19X7HFUEL/0X  , F29.2  / 

4 19X13HPR0P.  LOADING  , F23.2  / 19 XI OH SAFE  ♦ ARM  , F26.2  / 

5 19X6HPR0FI T , F30.2  1 

IF!  KINC  .GF.  50  1 WRITE  16,31701  CTJFU,CETJ,CT,CTJLF,CTJLFL,  PR  CF  PR  COST  2030 

3170  FORMAT!  13X18HTURBOJET  SUSTAINER  , F29.2  / 19X6HENGINE,  F30.2/  COST2040 

1 19X  7HT  ANK  AGE  ,F29.2  / 19X4HFUEL,  F32.2  / 19X13HFUEL  LOADING  , COST2O80 

2 F23.2  / 19X6HPR0F IT,  F30.2  I C0ST2060 

IPOUT =0  C0ST2070 

IF!  ( K IND.GE .401  .AND.  IKIND.LT.50I  1 IP0UT=1  C0ST2080 

I F!  K l NO .FO .411  IPOUT=IPOUT  ♦ l C0ST2090 

IFIIPOUT.FQ.il  WRITF16, 32101  CNRJFU  C0ST2100 

3210  FORMAT!  1 3X2 5HN0N- INT . RAMJET  SUSTAINER  , F 22.2  1 C0ST2110 

IF!  IPOUT. EQ. 21  WR I TE!  6,32301  CIRJFU  COST2120 

3230  FORMAT!  13X25HINTFGRM  RAMJET  SUSTAINER,  F22.2  1 C0ST2130 

IF!  IPOUT  .GT.01WRITE16, 3211 1 CT.CEXINtCPS  ,CLF ,CLFL  COST2140 

3211  FORMAT! 19X7ETANKAGF  ,F29.2  / 1SX15HFXT.  INSULATION,  F21.2  / COST2150 

1 19X2 1HPR  ESS UR  I ZATION  SYSTEM  ,F15.2  / 19X4HFUEL,  F32.2  / COST2160 

2 19X 12HFUEL  LOADING  , F24.2  1 rnST?170 

!F(  IPOUT.  FQ.  11WR  ITF!  6,  32201  CR  JC  .CCOML  ,CCOMM  ,cc  CMl  ,CNC7,PRrFPP  rn«;T2l80 

3220  FORMAT!  19X9HC0MBUSTOR ,F  2 7. 2 / 22 X5HLAB0R , F 16. 2 / Cnsr2190 

1 2 2X  PHM ATFR IAL.F13.2/  2 2X1  CHI N SULA TI ON ,F 1 1 . 2 / ruST2?00 


8-  6 


2 22X6HNDZ7LE,F15.2  / 19X6HPR0FI T.F30.2  I 

IF<  IP0UT.E0.2)  WRITE!  6*3240)  CB00C  ,C  BLC  ,CBMC  , CL  l , CKCZ  ,0  PRC.  , 

1 CPIC, C IGN,CSA,PR0FPR 

3240  FCRMAT(  19X 1 7HBQ0 STEP /COMRU STOR ,F  19.2  7 22X10HCASF  LARCR,Ftl.2  / 

1 22X10HCASE  MATL.,F11.2  / 22X10HCASF  INSUL,F11.2  / 

2 22X6HNOZ ZLE»F15.2  / 22X9H800.  PRCP.E12.2/  22X1  IH«.  P.  LEAD. 

3 F10.2  / 22X7HIGNITFP ,F 14.2  / 22  XI  OH  SAFE  ♦ ARM,  Ell. 2 / 

4 1 9X  6HPR0F  IT,  F30.2  I 
He 1 TF( 6, 3366  ) CPSINT 

3  366  FORMAT!  lOXtlFINTEGRATlON  , F25.2  ) 

9876  CCNT1NUE 

QA  = QASAV 
S * SSAV 
RETURN 
ENC 


Cr>ST?710 
COST  2220 
COST  2230 
msT??40 
CHS T2 250 
f 0ST2260 
COST  2270 
C0ST22R0 
rnsT??po 
C°ST  2300 
COST  2 3 10 
COST2320 
CDST2330 
mST2340 
C0ST2350 


C 

c 

c 


SUBROUT  INE  AA ICSTI ASUPLD  , TE MP 8 , I NOI ) 
AIRFRAME  AND  INTEGRATION  COST 


A A I COO  10 
AAIC0020 
AAIC0030 
AAIC0040 
AA  IC0050 
A A I C0060 
AAIC0070 
AAIC0080 
AAIC0090 
AAICOIOO 
A A ICO 1 10 
A A ICO  1 20 
AA ICO  130 
A A I CO  140 
AAIC0150 
A A ICO  160 
AA ICO  170 
AAICOlflO 
A A I CO  190 
AAIC0200 


REAL  NOZWT.MP 

COMMON  /COMVLS/  WTANK , VE  X IN, VREO *GGW,HPPUMP, WTFUEL  » WCCMM, VCOMI , 

1 R5. VltWNOZ,KFM,MATTK,A,DCOM,WMC,VBI »DTHRT ,RNOZ I ,NCZWT , MP, CAS EM, 

2 FNFT,WTtWF,FMAX»S»T4»MFTTJ»ZXNB,D,WM,FC»PPEAK»BSP»NDET,QA,WCS» 

3 WWH, MTC ,WTP , WGG »WSC ,WLV  ,VGT ,WC,WP,OP, WN» MET  AL  tNCONFG 

COMMON  /COSTIN/  PR  I A 1 , PR  I A 2, PR JC , PRI A3, PRI B3 , PRI A4 ,PR IF4 , PR  I A5 , 

1PRI A6,PRI A7,PRIA8,PRIB8,PRIA9,PRIG9,PRIA10,PRIA11,PRIG11 ,PR IA12, 

2PPIB  12,  PR  IE  12,  PR  I A 13,  PR  IE  13, PRI  A 14  ,PR1  F 14  ,PRI  A15 , PR  I E15  , PR  I A 16  , 

3PR IF  16, PRI A 17, PR  IF  17, PR  I A18,PR!B18,PRI E18 , PRI A19, PRI E19 , PRI A20 , 
4PRIA21,PRIA22»PRIB22,PRIA23,PRIB23»PRIC23 ,PRIA24 ,PRIC24, PRI A25, 

5PP IB2  5.PR I A26,PR IP  26, PR IC26, PRNA 1 , PRNA2 ,PRNA3  »PRN83 ,PRNA4, PRNE4, 

6PRNA5, PRNA6,PRNA7,PRNA8,PRNB8,PRNA9,PRNG9,PRNA10,PRNA11 ,PRNGll , 

7PRNA 12, PRNB12,PRNE12,PRNA13,PRNE 13 ,PRN A14 , PRNE14 ,PRN A15 , PRN A 16 , 
8PRNA17,PRNA18,PRNB18,PRNA19,PRNB19,PRNC19,PRNA20,PRNC20,PRNA21, 

9PPNB21, PRNA22,PRNB22,PRNC22 ,PLPC ,PLA l ,PLA3 , PLB3 , PL A4, PL A6, PL A8 , 

APL  B8, PL  A9, PL A 11, PL B 1 1,PL A13,PLB13 , PLC13 ,PLD 13 ,PL A14 , PL014, PLA15 , 
BPLB15,PLF15,PLF1«,PLA16,PLE16,PLA17,PLA18  ,PLB18 , PLC 18  , PL  A 19, PL A20, AAIC0210 
CPI P20,PLA21,PLB21,PLC21,PTA1,PTDI »PTA4 ,PTB4 ,PTA5,PT85»PTE5,PTA6,  AAIC0220 
CPTE6,PTA7,PTB7,PTC7,PTJC  ,PTA8, PTD 8, PTA9,P TB9,PT A10 ,PTB10 ,PTC 10 , AAIC02  30 
EPFA3,PFB3,PEA4,PEF4,PFA5,PFF5,PEA6,PFB6,PEE6,PFA7, PFE7,PFA8 ,PF A9,  A A ICO  240 
FPFA10,PEBIC,PEC10,PEAU,PEB11,PEE11  ,PEBC  , PSPC,  PSA3  , PSB3  , PS  A4,  PS  F4  , A A ICO  250 
GP$A5,P$F5,PSAfc,PSF6,PSG6,PSA7,PSF7,PSA8,PSA9,PSA10,PSBl0,PSCl0,  A A ICO 260 

FPSA11,PSB1 1,PSE11,CFT,PFT,CFCASE  ,PFCASE,CFC,PFC  ,CFM,PFM,!YFAR  A A I C.0270 

COMMON  /COST  IN/  PR  I B 1 ,PRI C 1 , PRI B2 , PRI C2 ,PRI B4 ,PR 1C4, PR  104, PP I P5, AAIC0280 
lPRIC5,PPIB9,PRIC9,PRin9,PRlE9,PRIF9,PRIBll,PRICll , PR  I D1 1 , PP IF  1 1,  AA1C0290 

2PRIF11,PRIC12,PR  ID12,PRIB13,PRIC 13 , PRI 01 3 , PRI B14 , PP IC 14 ,PR 1 C 14,  AAIC0  300 
3PR  IB  15,  PR  I Cl  5,  PR  10  15,  PR  I fl  16  ,PR  IC  16,  PRI  D1  6 , PRI  B1 7 , PRI  Cl  7 , PR  1017  , AA  I CO  310 

4PP  IF  17,PRIC18,PRI018,PR IB19,PRIC 19 , PR  I D 19 , PR  I B24 , PRAP1 , PRNC 1 ,PRNP2 A A I CO  320 

5. PRNC2, PRNB4,PRNC4,PPN04,PRNB5,PRNC5,PRNB9,PRNC9,PRNC9, PRNF9, PRN F9 A A I CO  3 30 

6, PRNBll,PRNCll,  PRNOll.PRNFll.PRNFll  , PRNC12  , PR  NO  12  ,FP  NR  13, PR  NCI  3,  AAl<-0340 

7PRN013, PPNB  J 4, PRNC 14, PR NO  14, PRNB l 5 , PRNC I 5 ,PRNOl 5 , PRAB 16 , PRNC 16 , AAIC0350 
8PPN0I 6, PRNBl 7.PRNC 17, PR NOI 7, PRNF 1 7 , PRNB20 , PLB1 ,PLC l ,PL  A2,p;  02,  PI  B4AA ICO  160 
9,PLC4,PLA5,PLB5,PLB6,PLC  6,PLA7,PLR7,PLB9,PLC9,PLA10,PLB10 ,PL  A1 2,  A A ICO  170 


wwiTur  y.oi 


-- 


* 


APLR12.PLR14,PLC  14,  PLC  1 5, PLO l 5 ,PLB 16 , P LC 1 6,  PL016 , PL P l 9, PLC1 9,  PTRl,  A A I CO  380 
BPTCl.PTA2,PTB2,PTA3,PTB3,PTC5,PTOS,PTB6tPTO6,PTn6,PT0fl,PTC8,PFAl,  A A ( CO  390 
CPEBl.PEC 1,PFA?,PFB2,PFC2,PF84,PEC4,PEP4,PEB5 ,PEC5  , PF05 , PEES , PF C6 , AAIC0400 
CPF06,PFP7,PFC7,PF07,PFC  1 1 .PECU1 , PSA1  , P SB1  , P SCI  , PS  A 2 ,PS  B2  , PS  C2,  PS  P4  A A I C04 1 d 
E,PSC4,PS04,PSB5,P$C‘>,PSD5,PSE5,PSB6,PSC6,PS06,PSE6  .PSB7  ,PSC7  , PS  F7  , A AT  C0420 
FPSE7,PSCll ,PSOl l,PRND22i  PLD21 1 PLE2 1 , P T01 0 , PTF 10 , PR  I C26  A A IC0430 

COMMON  /COSTIN/  PROFIT, QO, R, AFA1.AFB1  ,AFC1  ,AFni,AFll,AFA2.AFf»2.  AA  IC.0440 
1AFG2. AFA3, AFB3, AFG 3, AF A4 , AF B4 , AF C4 , AF04 , AF J4 , AF AS , AF B5, AFC5 , AFH*>,  AAIC04S0 
2AFA6,AFB6,AFG6,AFA7,AFC7,AFr)7,AFA8,  AFP8,AFC8,AFD8,AF18,AFA9,AF89,  AAIC0460 
3AFC9,  AFC9.AFJ9, AFA  10,AFB1C,AFC10, AFHIO  » AF  All ,AFRll  , AFG1 1 , AF A 1 ?,  AA1C0470 

4AFC12, AF012, AFA13.AFB  13, AFC  13, AF  A1 4, AF B14 , AFC14 , KFU2E , WA 1 , WE l , WF1 , AA IC0480 
5MA2.WC2,WE2,KGAlN,fA  l.CEl  ,CF 1 ,CA2 ,CE 2,CF2 , C A3, CE3 , CF3 , GA l , CB l , GF 1 , AA IC0490 
6KLE6,KGT6,KSTAB,KACATE,NCHAN,KSGATF  *GA2  ,GB2,GK2,GA3,GR3,G03,GA4*  AA  IC0500 
7GB4.GM4,GA5,GB5,GH5,KG,KC,KW,KA,KP,IGTYPF, ICTVPF, I PRC ST  A A IC0510 

COMMON  /COSTIN/  AF E 1 , A F F l , AFGl , AFM l , AFC2 . AF02 « AF F2 , AF F2 , AFC3 , AAIC0S70 

IAF03. AFF3.AFF3, AFE 4, AFF4 , AFG4 , AFH4 , AF 14 , AF05 , AFE5 , AFF5, AFG5 , AF C6 , AAIC0530 
2AFC6, AFF6, AFF6, AFR 7, AFF 8 ,AFF 8 1 AFG 6. AFM8 , AFE9 , AFF9 , AFG9,AFH9, AFI9,  AA1C0540 
3AF010t AFElOt AFF10,AFG10, AFC ll.AFDll.AFEll ,AFFll ,AFei2,WBl  ,WC 1 ,W01 , AA IC05S0 
4wP2,WC2,CBl,CCl,CDl,CB2,CC2,C02,CB3 ,CC  3 ,C03  »GC1 ,G01  ,GE1  ,GC2,Gn2,  AAIC0S60 
5GE2*GF2.GG2,GH2,GI 2, GJ2.GC3 ,GD 3 ,GF 3 ,GF 3 ,GG3 ,GH3 ,GI 3 ,G J3 ,GK3 , GL 3 , A A IC0570 
6CM3, GN3,GP  3, GC4  » G04  *GF4,GF4 , GG4,GH4 ,G I 4,GJ4,GK4,G14 ,GCS  tGOS.GES,  A A ICO*>«0 
7GF5»GG5,CFTTAB( UI.PFTTABI 111  AAIC0590 

COMMON  /CSTPRV/  CBLC »CBMC ,CC A SE. CCFU ,CCL  ,CCM ,CC0M1  ,CCCML ,CCCMM,  AAIC0600 

1 CCONT, CCRO,CEBFU,CEBRD,CFTJ,CEXI N,CGFU,CGRO,  AAIC0610 

2 CGT,CGTOT,CIGNtCIRJFU,  CIRJRD,  CLF,CLFL  ,CLGG,CLI,CLM,  AAIC0620 

3 CLRFU,  CIRRI), CLRT  ,CLTC,CLTP,CM  tCMGG  »CMM»CMTCtCMTP,  AAIC0630 

4 CMV,CN07,CNR JFU,  CNRJRD,  CP ,CPAF I , CPE NG , C FL, CPLC , AAIC0640 

5 CPMFGL,CPMFGM,CPQA,CPR,CPPC, CP  S,CPSMGG  »CPSN2  »C  PSR AM»C  PSSGG*  AAIC0650 

6 CP  TOOL  ,CRAFI,CROEV,CREG,CRENGtCRFTO,CRJC,CRMFGL,CRMFGM,CROA,  AA  IC0660 

7 CRTOOL ,CSA,CSRFU»CSRRO,CSRT,CT,CTAFI .CTC.CTEB.CTIRJ.CT JFU,  AAIC0670 

8 CTJLF, CTJLFL.CTJRD.CTJT,  CTL,CTM,CTNRJ,CTP,CWH,CWHFU,CWHR,  AAIC0680 

9 CBOOC,CRPS.CPFU»PROFPR,PRFUAF,PRRAF ,CCLB,CCMB,CTCB*CLIBfCNOZB,  AAIC0690 

A CPRB,CPLB,C IGNBt C SAB  « PROFE  X AAIC0700 

NAMELIST  /ERRPRT/  CR FNG( CROE V,CRF TO tCRTOOL.CRMFGLt C RMFGM, CRQ A,  AAIC0710 
1 CR  AF  I, CPFNGt CPTOOL  »C  PMFGL  »CPMFG  M»CPQA ,CPAFI ,CTAFI  AAIC0720 

TFMPl=AFAl*AFBl*AFC 14 AFO 1*1 AF E 1* A $UPLD**AFF 1 * S** AF G l *Q0** AFH1  AAIC0730 

1 /1000.  1*AFI  1*AF01  AAIC0740 

TEMP2=AFA2*AFB2* 1. 163*IAFC2*A  SUPLD**AFD2*S**AFF2*CC**AFF2/ 1000 . 1 AA  100700 

1 ♦ AF  82*  AFG2  AAIC0760 

TEMP3  = AFA3*AFB3*  l.l63*(AFC3*ASLPLD**AFD3*S**AFF3*Cn**AFF3/l000. 1 A A IC0770 

1 *AFB3*AFG3  AAIC0780 

TEMP4  = AFA4*AFB4*AFC4*AFD4*I  AFE4*ASUPLt)**AFF4*S**AFG4*0n**AFH4*R  A A I C.  0790 

l **AF14/1000. )*AFJ4*AFC4  AAIC0800 

TFMP5=AFA5*AFR5*AFC5* < AFO 5* A SUPLO** AF F 5*S**AFF5 *Q0 ** AFG5/  1000. 1 AAICOSIO 

1 ♦AFC5*AFH5  AAIC0820 

TEMP6* AF  A6*A  FR6* 1.163* ( AFC 6* A SUPLO** AF 06* S**  AFE6  *Q0**  AFF6/  1000. 1 A A IC08  30 

1 4AFB6*AFG6  A A l CO  8 40 

TFMP7=AFA7*AFB7*TFMP5*AFC7*AF07  AAICORSO 

TFMPp*AFA 14* ( 1.4PP0FI T)*  c TE MP l*TE MP44 TEMPS + TEMP6  4TFMP74TEMP2  AAIC0860 

1 *TF*P3  l*AFB 14*AFC  14  AAIC0870 

IF  ( INC  I .EQ.  0)  RETURN  AAIC0R80 

CR  FN  G = T F*P  1 AAIC0890 

CPDFV  = TEMP2  A A 100*100 

CR F TO  =T  FMP  3 AA  I C 0910 

CRT00L  = TFMP4  A A I C.09  20 


• * 


fPMFCL  = TPHP5 
CRMFGM  = TFMP6 
CRQ A=TFMP  7 
CPAFI=TEMP8 

PPR AFi( CPAFI-AFB  14*AFC 14)*PROFlT/( 1« ♦PROF I T ) 

CPFNG=AFA8*AFB8*AFC8*AF0  8M  AFE8*A**AFF8*S**AFG8*  ( (GO+l.  J**AFHR 
1 -QC**AFH8)/1000.l*AFie*AFD8 

CPTODL  * AF A 9* AFB9*AFC9*AFD9*  1AFF9*A**AFF9*S**AFG9*1  (QC+  1 • ) ** AFH9 
l -Q0**AFH9I*R**AFI9/1000.I*AF  J9*AFC9 
CPMFGL*AFA1C*AFB!0*AFC  10*1  AFD10*A**AFE10*S**AFF10*(  (COM.  )**AFG10 
l -QD**AFG10)/1000. •♦AFC l 0*AFH10 

CPMFCM»:AFAll*AFRU*l.lfc3*(AFCil*A**AFnH*S**AFEll*l(CD«-l.  >**AFF11 
I -OD**AFFll )/1000.  )*AFB11*AFG11 
CPO A=  AF  A 12*A  FR 12*CPMFGL*AFC 12*  AF  012 

CPAFI =A FA  1 3*  C l.*PP OF  IT)* 1C PENG*C  PTOOL*CPMFGL*CPMFGM*CPQA) 

I  ♦AFR13*AFCI3 

PPFUAF«(CPAFI-AFR13*AFC  13I*PR0FI  T/l  !.♦  PROF  I T ) 

CTAFI  = CPAFI*CRAF  I 

IF  { IPRCST  .NE.  C)  WRITE  (6.ERRPRT) 

RFTUPN 

FND 


SUBROUTINE  GUCOST 

GUIDANCE  SYSTFM  COST 
PEAL  NOZWT»MP 

COMMON  /COMVLS/  WTANK ,VE X IN, VREQ 

1 R5,Yl,WNOZ,KFM, MATTK, A, DCOM, WMC 

2 FNET,WT,WF,FMAX, S,T4,MF TTJ,ZXNB 

3 WWH,  WT  C,WTP  »V*GG  » WSC  * WL V » VG  T ,WO, 

COMMON  /COST  IN/  PR IA 1 ,PRIA2,PR 

IPPI A6,PRI A7,PRlAe,PRIB8,PRIA9,PR 
2PPIR12,  PP IE  12,  PR  I A 13, PR  IE  13, PR  I A 
3PRIF  16, PR  I A17,PRIF17,PRI A18.PRIB 
4PP  T A 2 l*  PR IA22.PP IB22.PPI A23,PRIB2  3,PRIC23,PRI A24 , PR IC24 , PRI A25, 
5PP I B25, PR  I A2 6, PR  IB 26 ,PRI C26, PRNAl , PRNA2 ,PRNA3,PRNB3  ,PRNAA,PRNEA, 
6PPN A5,PRNA6,PRNA7,PRNA8,PRNB8,PRNA9,PRNG9,PRNAI0,PRNAI1,PRNG11 , 

7 PRNAl 2, PPNB12,PPNE12,PRNA13,PRNE 13, PRNAl A, PRNEIA ,PRNA15,PRNA16, 
8PPNA17, PRN A18,PRNB18,PPNA 19 , PR NB 1 9 , PRNC 1 9 , PRN A2 0 , PR NC20 , PRN A2 1 , 
QPRNB21, PRNA22,PRNB22,PRNC22,PLPC ,P L A l , PLA3  , PLB3 , PL AA , PL A6 , PLA8  , 
APLB8,PLA9,PLAll,PLBll,Pl A13,PLB13,PLC13,PL013,PLA1A, PLOIA, PLA15, 
PPL B 15, PI  F15.PLF l‘,PLA16, PLE 1 6, PL  A 1 7 , PL Al 8 ,PLBl 8 ,PLC 18 , PL A 19 , PL A20 
CPLR2n,PLA2l,PLR21,PLC2l,PTAl,PT01  ,PTAA,PTBA  ,PTA5 ,PTP5 ,PTF5 , PT A6 , 
rPTF6,PTA7,PTR7,PTC  7,P T JC ,P TA 8 , PTO 3, P TA9 ,P TB9 ,P TA 1 0 , PTR 10 , PTC  10, 
EPFA3,PFP3,PFAA,PEFA,PFA5,PEF5,PE  A6,PFRF>,PFF6,PFA7,PEF7  ,PEA8,PFA9, 
FPF410,PFB10,PEC1C,PFA1 l.PPBl 1,PEE 11 ,PFRC ,P SPC , PS A3 , PSB3 , PS AA ,PS FA 
CPSA5,PSF5,PSAe,PSF6,PSG6,PSA7,PSF7,PSA8,PSA9,PSAlO, FSPlO.PSf  10, 


FPSA 

11, p 

SP 

11, 

PSE1 

1.CF1 

r,PF 

T.CFC A 

SF 

,PFCASE,CFC,PFC ,CFM, 

FFM, 

I Y F 

AR 

COMMON 

/r 

OST 

IN/ 

PR  I 

Bl, 

PRIC1  , 

PR 

IB2 

, PR  I C2  , 

PRI 

R4  , PR  l C4  , PR 

in4 

, 

PR 

IPPI 

C 5,  P 

pi 

*9, 

PR 

IC 

9, PR  1 

109, 

PR  I F 9 , 

PR 

I F 9 

, PR  I PI  1 

, PR 

IC11 ,PR 

101  1 

, PR 

I 

Fl 

2PP  I 

FI  1, 

PR 

IC  1 

2, 

PR 

1012, 

i PR  I 

B 1 3 , PR 

IC 

13, 

PR  I 01 3, 

FRt 

fl 14 , PR  1 

C 14  , 

PR  1 

0 

14 

3PPI 

B 1 5, 

PP 

IC1 

% 

py 

IPIS, 

,PR  I 

R 1 6 * PR 

IC 

16, 

PRI 016, 

PRI 

Rl 7 , PR  I 

C 17  , 

no  | 

0 

17 

R-  9 


,GGW,HPPUMP,WTFUEL,WCOMM,VCCMI  , 

, VBI ,DTHRT ,RNOZ I , NCZ WT, MP,  CAS FM, 
,0, WM.FC  ,ppeak,bsp,aoet ,ca,wcs, 
WP, DP, WN, METAL, NCOKFG 
JC , PRI A3, PRI B3 , PRI AA,PRIEA,PRTA5, 
IG9.PRI AlO.PRI All ,PRIG11,PR  IA12, 
1A,PRIE1A,PRI  Al  5,  PRI  El  5,  PR  I Al6  , 
18, PRI El  8, PRI A19, PRIE19.PRI A20, 


A A | C0930 
AAI C0940 
A A I C0950 
A A IC0960 
AAIC0970 
AAICOORO 
AAIC0990 
A A IC 1000 
AA 1C  1010 
AA IC 1020 
AAI CIO  30 
AA  ICIOAO 
AA I C 1050 
AAI Cl  060 
AA  IC  10  70 
A A I C 10  80 
AAI C 1090 
A A IC 1100 
AAlClllO 
A A I C 1 1 20 
AAIC1130 


GUC00010 
GUC00020 
GUC°0030 
GUC00040 
GUC.00050 
GU COO 060 
GUC00070 
GUCOOORO 
GUC00090 
nucooioo 

GUC001 10 
GU  COO  120 

Gucnono 

GU  COO  140 
GUCO0150 
GUCOO 1 60 
GUCO0170 
GU  COO  1 80 
GUCOO  190 
GUC00200 
GUC00210 
GUC00220 
GUC002  30 
GUCOO  240 
GUCOO  2 50 
GUC00260 
GUCOO  2 70 
GUCOO ? 80 
nu  0.00290 
GUCOO  300 
GUC00310 


7CF5*GG5,CFTTAB( 11J,PFTTAB( 11) 

COMMON  /CSTPRV/  CBLC,CBMC,CCA$E,CCFU,CCL  ,CCM,CCOMI ,CCCPL,CCCMM, 

1 CCPNT , CCRC,CEBFU,CEBRD,CFTJ,CEXIN,CGFU,CGRD, 

’ CGT tCGTOT»C IGN»C!RJFU»  CIRJRO,  CLF,CLFL  ,CLGG,CLI,CLM, 

CLRFU,CLRR0,CLRT,CLTC,CLTP,CM,CMGG,CMM,CMTC.,CMTP, 
CMV  , CN07  *CNR JFU,  CNRJRD,  CP.CPAFI ,CPFNG  ,CPL,CPLC, 

CPMFGL ,CPMFGM,CPQA,CPR,CPRC,CPS,CPSMGG,CPSN2,CPSRAP,CPSSGG, 
CPTOOL ,CRAF!,CRDFV,CREG,CRENG,CRFTO,CRJC,CRMFGL,CR*FGM,CRCA, 

CRT OOL  ,CSA,CSRFU,CSRRO,C.SRT,CT,CTAFI  ,CTC  ,C TFB ,CTI R J ,CT JFU , 
CTJLF, CTJLFL.CTJRO.CT JT,  C TL ,C TM, CTNR J ,C TP , CHH, CWHFU ,CWHP 

CBOOC, CRPS,CPFU,PROFPR , PRFUAF ,PRRAF ,CCLB,CCMB,CTCP,CLI B,CN07R, 
CPRB»C  PL  B»  C IGNB»  CSAB  »PROFFX 
NAMFL  1ST  7FRRPRT / CGFUP  ,C GF UA  ,CGFU X,CGF III  ,CGRO , CG T CT 
XOET=NOET 
XSTAB=K  STAB 
X ACATF=KAGATE 
x Chan  =nchan 
XSGATF*KSGATC 
XKL  F fc=  1 • 

XKGT  6 = 0. 

FC  IS  ASSUMFO  IN  GHZ 
IF  I FC  .IE  . 6.)  GO  TO  10CC 
XKL Ffc=0. 

XKGT6* I . 

1000  IF  I IGTYPE  .CO.  3 I GO  TO  l 
GC  Tn  ( 2,3, A, 5), IGTYPF 
: PASSIVF/SFMI— ACT! VF  PAOAR  SE FKFR 

2 Cx*  GC  2*  XKL  Ft*FC**Gn?4-Gr2*XKG  T6*FC  **GF  ?*G02*  XS  T AR  4GH?*X  AG  AT  f ♦ G I ? 


GDC 00 A AO 
CIICO0A50 
GUCO0A60 
GIJCD0A70 
GUC.POAflO 
GUCOOAOO 
COO 500 
C00510 
GUC00520 
GU COO 5 30 
GUC005AO 
GUC00550 
GUC00560 
GU COO 5 70 
GUC005B0 
GUC005O0 
GUC00600 
GUCO0610 
GUC00620 
GUC00630 
GUCO06A0 
GU CO 06 SO 
GUC00660 
GU  C 00  6 7 0 
GUC006BO 
GUC006O0 
GUC00  700 
GU COO  7 10 
GUC007  20 
GU CO 07 30 
GU  CO07A0 
GU  COO  750 
GUC00760 
GUr00770 
GUC007BO 
GUC°07O0 
G'tCOOROO 
GU  C°0  R 1 0 
GUCO0R20 
GU POOR  30 

CUC  no  3 AO 

GUCOOflSO 
GU  COOR/i  0 


r>  r>  o 


C 

3 


C 

A 


C 

5 

1 


6 


1 *XCEAN*X$GATE'fGJ2*XSGATF 
CGFUP=GA2*(  l . 16* GR  2*C  X/ 350.+GK2) 

GO  TO  l 

ACTIVE  PACAR  IHAGNFTRON) 

CX=GC3*XKLF6*FC**G0  3*GE3*XKGT6*FC**GF3*GG3*XSTAB«-GH3*XAGATE*GI  3 
I **CHAN*XSGATE*GJ3*XSGATF 


GU  COOfl  70 
GUC00R80 
GUCOOR90 

Gur.roqoo 

GUCH0910 

GUCn09?r» 


CGFUA=GA3*  ( 1 . 566*GB3/350.*  (C  X*GK3+GL3*PPE  AK**GM3«-GK3*FC  **GP3  C.UCO093  0 

1 *PPEAK»*G03»  GUCO09A0 

GO  TO  1 GUC00980 

X BANO  Gl)Cn09  60 

CX=GCA*XKLE6*FC**G0A*GEA*XKGT6*FC**GFA*GGA*XSTAB*GHA*XAGATE  + GI  A GUC.n09  70 
I *XCHAN*XSGATE*GJA*XSGATE  GUC00980 

CCFUX*GAA*( I.566*GRA/156.*(CX+GKA*GLA*PPEAK)«-GMA)  GUC00990 

GO  TO  1 Gucnmoo 

PASSIVE  IR  SEEKER  GUCH1010 

CGFU I*G A5*( 1 • 16*GB  5/35C.* (GC  5*FC  **G0  8*B  SP**GE5*GF5  * I XOFT-l . ) GUCD1020 

1 +GG5IAGH51  GUC01030 


IF  I IGTYPE  .EQ. 

1) 

cgfu-cgflp 

CUCniOAO 

IF  1 IGTYPE  .EQ. 

2) 

CGFU=CGE  UA 

GU  C01 050 

IE  1 IGTYPE  .EQ. 

3) 

CGFU<GEUX 

GUC01060 

IF  ( IGTYPE  .EQ. 

A) 

CGFU*CGF  UI 

GUC01070 

CGRD=GA1*(GB1*I 

EXP 

I GC  l*GCl*CGF U*GE l ) )*GF1 1 

GUC01080 

CGTOT  =CGR  D+CGFU 

Guc^iogo 

IF  I IPRCST  .NE. 

0) 

WRITE  I6.ERRPRT) 

GU CO 1100 

RETURN 

GUCO 1 1 10 

END 

GU CO  11 20 

CTC000  10 
CTC00020 
CTC00030 
CTCOOOAO 
CTC00050 
CTC00060 
CTC00070 
CTC00080 
CTC00090 
CT  COOl 00 
CTcnouo 
CTCO0120 
CT COO  130 
CTCO01A0 
CT COO  150 
CTC00160 
CT COO l 70 
CT COO l 80 
CT  COO  190 
CT COO 200 

BPLB15.PIE 15.PLF15.PLA16.PLE 16 , PL A l 7 , PL A 1 8 , PLBl 9 . PIC  1 8, PL  A 1 9, PL A20  , CT COO  7 10 
CPI  B20,  PI  A2  1,  P IB  2 1,  PIC  2 l,  P TA  1,  P TO  1,  PTAA.PTBA.PT  A5  , PT PS , PTE5 » PT A6  , CTC00220 

CPTF6,PTA7,PTR7,PTC7,PTJC .PTA8.PT0fl.PTA9 .PTR9.PT AlO.PTB 10, PTC  10,  CTCD02  30 
FPEA3,PFP3,PFAA,PFFA,PEA5,PFF5,PFA6,PEfl6,PFF6,PFA7,PEE7,PFAH,PFA9,  CTCO02A0 
CPEAIO.PFRIC.PFC 10.PFA ll.PEBll .PEEll .PERC.PSPC.PSA3 .PSR3.PS AA,PSFA,CTC00250 
GPSA5,PSF5,PSA6,PSF6,PSG6,PSA7,PSr 7 , PSA  8 , P S A9 , PS Al 0 , PSP  1 0 , PSC  10 , CTC 00260 


R-  11 


SUBROUTINE  CTCOST 
CONTROLS  COST 
REAL  NOZWT.MP 

COMMON  /COM VL  S/  WTANK , VE X IN , VREQ .GGW ,H PPUMP. WTFUEL .WCOMM.VCOMI , 

1 R5,YI,WN0Z,KFM,MATTK.A,DC0M,WMC ,VBt .DTHRT.RNOZI .NCZMT.MP.CASEM, 

2 fnet.wt.wf.fmax.s.ta.mfttj.zxnb .o.wm.fc.ppfak.bsp.moet.qa.wcs, 

3 WWH.WTC.WTP.MGG.NSC.WLV.VGT.WO.WP.OP.WN.METAL.NCONFG 

COMMON  /COSTIN/  PR  I A 1 . PR  I A 2,  PR  JC  , PRI  A3  ,PRI  B3  , PRI  AA,  Pg  IEA  , PRI  A5, 

1PPI A6.PRI A7.PR IA8.PRIP8.PRI A9.PRIG9.PR1 A10.PRI All.PRIGll .PRIA12, 
2PPIB12. PR  I El  2, PR  I A 13, PR  I E 13, PR  I A IA, PRI E1A, PRI A15 ,PR  I E15  .PR  I A16  , 
3PRIF 1A, PRI A l 7, PR  IF  17, PR  I A 18, PR  IB l 8, PRI El  8. PRI A19 , PRI E19 ,PR I A20 , 
APPIA21.PRI A22.PP IB22, PR  I A23 , PR  I B2 3 .PRIC23 , PRI A2A, PRIC2A.PR l A25  , 
5PRIB25, PR  I A26.PR I P26.PR I C26, PRNA 1 , PRNA2 .PRNA3 , PRNB3 , PRN AA, PRNEA, 
6PRN  A5, PPNA6,PRNA7,PRNAfl,PRNB8,PRNA9, PRNG9, PRNAlO.PRNAll , PRNG1 1 , 
7PPNA12.PRNB12.PRNE 12, PP NA 1 3, PRNE l 3 ,PRN A1 A , PRNF1 A ,PRK A 15  , PRN A 16, 
ePRNAl 7, PRNA18.PRNR 16 , PRN A 19, PR NR  1 9, PRNC1 9, PRN A2  0 .PRAC20 , PRN A21 , 
9PPN82  1,PRNA22,PRNP22,PRNC22,PLPC  , PLA 1 , PL  A3  , PLB3  , PL  AA  ,PL  A6  , PL  A8  , 
APLR8.Pt  A9.PL  All, PL B 1 1 , PL  A 1 3 ,P LB 1 3 , PLC 1 3 , PLO 1 3 , PL  A 1 A , PL 01  A , PL A 1 5 , 


FPSA11,PSR11,P$F11,CFT,PFT,CFCASF  .PFCASF ,CFC,PFC,CFP, FFM, I YFAR  CT COO  2 70 

COMMON  /COST  IN/  PRIBl,PRICl,PRIB2,PRIC2,PRIB4,PRIC4,PRI04,PRIP5, CTC"0280 
I PR  ICS, PR  I 89, PR ICS, PR  I PR, PR IF  9, PR  IF  9, PR  I All ,PRICl l . PR  I Dll , PR  I FI  1 , CTC00290 

2PRIF  1 1. PP IC  12. PR  IP  12. PR  IB 13.PRIC 1 3, PR  I D13,PRI B14 . PR  IC 14 ,PR 1 014,  CTCO0300 
3PPIB15,PP IC15,PR  in  IS, PR  IP  16, PR  1C  16, PRID16,PRIB17,PRIC17 .PR  1 017,  CTCH0310 

4PRIE  17, PRir 1 e,PR  1018, PP I 8 19 , PR  I C 1 9 , PR I 01 9 , PRI B24 , PPN 61 , PRNC l , PR N B2CT COO  3 20 
5 , PRNC  2, PRNR4, PRNC4 , PRN04 , PRNB 5, PR NC 5 , PRNB 9 , PR NC9 , pR NC9 , PRNF9 , PRN F9CT CTO  330 
ft  , PRNP  1 l,P»Nr  ll,  PRND1 1 , PR  NE  1 1 , PRNF  1 1 , PR  NC  1 2 , PR  NO  1 2 , FRNB13,  PRNC1  3,  CT  COO  340 
7PRND13, PRN  P 1 4 , PRNC 14.PRN014, PRNB l 5 , PRNC 1 5, PR N01 5 , PRAB 16 , PRNC Ift , CTC00350 

8PRN016,PPNB17,PRNr 1 7 , PR*n 1 7 , PRNF 1 7 , PRNB20  , PL Bl  ,PLC  1 ,PLA2  , PI B2, "LP4CTEn03ft0 
9,PLC4,PL A5,PLB5,Pl R 6 , P 1C  6 , PLA 7 ,PLB 7 ,PL BO, P LC9 , PL A l 0 , PLB 10 , PL A1 2 , CTC00370 

APLP12,  PLB14.PLC  14,  PLC  15  , PLD  l 5 , PLB  16  , PLCl  6 , PLD16  , PL  ei9  ,PLC  19  , PT  B 1 , CTr.no  380 
BPTCl.PT A2,PTB2,PTA3,PTB3,PTC5,PT05,PTB6  , PTC6 ,PTD6 , PT P8 , PT CB , PE  A 1 , CT COO  390 
CPEP1,PFC1,PEA2,PFB2,PFC2,PFB4,PFC4,PEP4,PEB5,PFC5,PFD5,PFE5,PFC6,  CTC90400 
CPF06,PEP7,PFC7,PE0  7,  PEC  1 l.PEOll.PSAl  ,PSBl  ,PSC  l , PS  A 2 , PSB2  , PSC2  , PS  P4CT  mo  4 10 
E,PSC4,PR04,PSB5,PSC5,PS05,PSE5,PSB6,PSC6,PSD6,PSE6 ,PSR7, PSC7,PS07,CTrn0420 
FPSE7.PSCI 1,PS011,PRN0  22, FL0  21.PLF21 , PT01 0 , PTF10 , PR  I 026  CTCno4  30 

COMMON  /COSTIN/  PROFIT, 00, R , AF A l , AFB l , AF Cl , AFOl , A F 1 1 , AFA2 , AF B 2,  CTCO044O 

1 AFG2,  AFA3,  A FB 3, A FG3, AF A4 , AFB 4 , AF C4 , AFD4 , AF J4 , AF A5 , AF65 , AF C5  » AFH5,  FT  000450 
2AF Aft,  AFPfr,  AFG6,AFA7,AFC7,AFn7,AFA8,AFB8,AFC8,AF08,A*'I8,AFA9,AFP9,  CTC00460 
3AFC9,  AF09,  AF  j 9,  AF  A 10,  AFB  1 C,  AFC  1 0 , AFH 10  , AF  A1 1 , AF  B 1 1 , AFC.  1 1 , AF  A 12  , CTC00470 

4 AFC  12, AFD12, AFA13, AFP  13, AFC  13 , AF A14 , AF B 14 , AFC 1 4 , KFU2E ,W A 1 , WE  1 , WF l , CT CO04R0 
5WA2, WC2,WF2,KGA IN.CA  1,CF 1 ,CFl ,CA2 ,CE2 ,CF2 ,C A3 ,CF3 ,CF3 ,G A l , GB1, GF 1, CTC00490 
CKIE6,KGT6,KSTAB,KAGATE  ,NCHAN,KSGATE,GA2,GB2,GK2,GA3,GB3,GQ3,GA4,  ctcoosoo 
7GP4,  GM4,  CA5,  CB5,GH5,KG  »KC  ,KW,KA,  KP.IGTYPE  , I C TYPE,  I PRCST  CTC00510 

COMMON  /COSTIN/  AFE1,AFF1,AFG1  ,AFH1 , AFC2 , AF02 , AF  E2 , AFF2  » AFC3 , CTCO0520 
1AFD3, AFE3, AFF3, A F E4,  A FF4 , AFG4 , AF H4 ,AFI  4 , AF05 , AFE5 , AFF5, AFG5, AFC6,  CT COO  530 
2AF06,AFE6, AFF6, A FB 7, AF E 8, AFF 8 , AFG8 , AFH8 , AF F9 , AFF9 , AFG9 , AFH9.AFI9,  CTCO0540 
3AF010, AFF10,AFF  10, AFG  10, AFC  11 , AFDll ,AFF11 ,AFFl 1 ,AFB12,WBI ,WC 1 , W 01 , CT CO0S50 
4WP2.WC2 ,CB  1,CC l, CP  l,CB2,CC2,CO2,CB3,CC3,C03,GCl ,G01  ,GF1  ,GC 2,GP2,  CTCO0560 

5GE2, GF2,GG2,GF2,GI 2,GJ2,GC3,G03,GE3,GF3,GG3,GH3,GI 3,GJ3,GK3,GL3,  CTC00570 

6GP3, GN3,GP3,GC4,C04,GF4,GF4,GG4,GH4,Gl 4,G J4.GK4  ,GL4  , GC5 ,0,05 ,GE5,  CT COO 580 

7GF5,GG5,CFTTAB( lll.PFTTABI 111  CTC00590 

CCM*»rN  /CSTPRV/  CBLC,CBMC,CCASE,CCFU,CCL,CCMtCCCMItCCCML,CCOMM,  CTC00600 

1 CCPNT,CCRDtCEBFU,CEBRP,CETJfCEKlN  ,CGF  U ,CGRD  » CTC00610 

2 OCT,CCTOT,C  IGN.CIRJFU,  CIRJRD,  CLF  ,C LFL  ,C IGG ,C LI ,CL M,  CTCO0620 

3 CLRFU,CLRRP,CLRT,CLTC,CLTP,CM,CMGG,CMM,CMTC,CMTP,  CTC00630 

4 CMV,  CNOZ.CNRJFll,  CNRJRO,  C P,  C PAF I ,C  PENG  , C PL  , CPL  C , CTC00640 

5 CPMfGl ,Cpmfgm,CPOA,CPR ,CPRC ,CPS,CPSMGG,CPSN2,CPSR AM.CPSSGG,  CTC00650 

6 CPTOOl ,CRAF! ,CROFV,CREG,CRENG,CRFTO,CRJC,CRMFGL,CPPFGM,CROA,  C TCPOftftO 

7 CR  TOOL  ,CSA,CSRFU,CSPPO,CSRT,CT,CTAF!  ,CTC  ,CTEB  , CT  I P J ,CT  JFIJ , CTC00670 

8 CTJL F,CTJLFL,CTJP0,CTJT,  C TL ,CTM,C TNR J ,C TP ,CWH ,CWHFU , CV HR,  CTC00680 

9 CBOPC,CPPS,CPFU,PROFPR , PRF UAF , PR R AF , C Ct B , CCMB ,C TC B , C L I B ,C NO 7B , CTCO0690 

A CPRP,Cpl  B,CIGNB,CSAB,PROFFX  CTC00700 

NAMFl  1ST  /F°  R PP  T / CO  FU  ,C  CP  D ,CC  ON  T CTCP0710 

XGAIN=KGAIN  CT  r 00  7 20 

GO  TP  ( 2,31,  ICTYPF  C.TC00730 

WITF  AUTOPILOT  CTC00740 

C C FU  = C A 2*  I 1 .lft*(CP2*WCS*CC2*QA-C02)*CF2/l98.+CF2)  CTCP0  750 

CO  TO  l CTCO0760 

WITFPUT  AUTOPILOT  CTCO0770 

Cf  FU  = CA?*(  l.  16*1  CP  3*  Wf  S*CC  3*0  A «-CD  3 ) *CF  3 /l  98.+CF3  I CTrC0  7R0 

CCpo=C  A 1 *( (0PI*CC1*9A*CP1*XGA IN)*CFI*CF1 ) CT COO 790 

CC9VT=CCPP*CCFU  CTCOOPOO 

IT  I IPPCST  .NT.  C)  WPITF  (ft,FRRPRT)  rTCOOPlO 


B-  12 


o o o 


PFTUPN 

END 


CT  co  0320 
CT  CO 083  0 


SL'BRPUT  INF  WHCOST  WHCOOOIO 

WHCOO020 

WAR  FFAO  COST  WHCO0030 

WHC00040 

RF  AL  NOZWT.MP  WHCOO050 

COMMON  /COMVLS/  WTANK,VFXIN,VREQ,GGW,HPPUMP,WTFUEL,WCOMM,VCCMl , WHCO0060 

1 P5,Y1,WN0Z,KFM,MATTK,  A.OCOM ,WMC , VB!  »DTHRT  »RNQZ  I , NC  ZWT  , M P,  C.  AS  FM , WHC00070 

2 FNET,WT,WF,FMAX,S,T4,MFTTJ,ZXNB  ,D  , WM  , F C ,P  PE  AK  ,BS P , K0ET  , C A , WCS  , WHCO0080 

3 WWH.WTC, WTP ,WGG  ,VSC , Wl V , VG T ,WC, MP . D P, WN, HFT AL , NCOK FG  WHCO0090 

CPMMPN  /COSTIN/  PR  !A  1,PR  IA2.PR  JC.PRI  A3, PR!  B3  ,PRI  A4  .PRIF4.PRI  A5,  WHC00109 

1PRI A6, PR  I A 7, PR  I A 8, PR  I PB, PR  I A9 ,PR I G9,PR I A 10 , PRI All , PRIGll ,PP  IA12,  WHCOO  110 
2PRIB12, PPIF12, PR IA 13, PR  IF  13  ,PR  I A 14 ,PRl E 14 , PR l A15.PPI El  5, PR  I A16 , WHCOO 120 

3PRIF  16,  PR  I A17.PR1F17.PRI  A 10  , PR  I B 18  , PR  I F 1 8 , PRI  A 19  , PR  ! E 1<>,  PR1  A20,  WHCOO  130 

4PRIA21.PP IA22.PR IB22.PRI A23.PRI823.PRIC23  ,PR I A24 , PRI C24 , PR  I A25 , WHCC10  1*9 

5PP IR25,  PR  I A26.PR IP26.PRIC26.PRNAI, PRNA2.PRNA3  ,PRNB3 , PRK A4 , F PNF 4,  WHCOO 150 
6PRNA5,PRNA6,PRNA7,PRNA8,PRNB8,PRNA9,PRNG9,PRNAl0,PRNAll  .PRNGll  , WHCOO  160 
7PRNA12, PRNB12.PRNE12.PRNA  13.PRNE 13.PRNA14, PRNFl 4 , P RN A1S , PRN A 16 , WHCOO  170 
8PPNA17, PRNAl 8, PR NB 1 8, PRN A 1 9 , PR NB 1 9 , PRNC 1 9 , PRN A2 0 , PPNC20  , PRN A2 l , WHCOO  180 

9PRNB21. PRNA22.PRNB22.PRNC22.PLPC ,PLA 1 ,PLA3 , PLB3 , PL  A4.PL  A6, PI A8,  WHCOO  100 

APLB8.PLA9, PL A 1 1. PI B 1 1 , PL A 1 3, PLB1 3 , PLC1 3 , PLDl 3 , PL A1 4 , P L01 4, PLA1 5,  WHCOO 200 
BPLB15.PLE15.PLF19.PLA Ifc.PLE 16, PL A l 7, PL A1 8 ,PLB1 8 ,PLC 18 .PLAlo, PL A20 ,WM0002 1 0 
CPI  B20.PLA21.PLB2  1, PLC 21 , PTA l ,PTO l ,PTA4 ,PTB4 ,PTA5 ,PTB5 .PTE5.PTA6,  WHCOO 220 
CPTE6.PTA7.PTB7.PTC7.PTJC  ,PTA8,PT08, PTA9, PTB9.PTA10 .PTBIO .PTC  10 , WHCOO 2 30 
EPEA3, PFB3.PEA4.PEE4.PFA5  ,PEF 5 .PE  A 6 , PE B6 ,PEF6 , PE A7 , PEE7 , PE A8 , PF A9 , WHCOO 240 
FPFAlO.PEBlO.PEClO.PFAll.PEBll.PFEll.PFBC ,PSPC, PS A3 , PSP3.PSA4.PS F4, WHCOO 250 
GPSA5.PSF5.PSA6, PSF 6, PSG6.PSA7.P SF7.PSA8.PS A9, PS A10.PSB10.PS CIO,  WHCOO 260 
HP SA11.PSB11.PSE11.C FT, PFT.CFCASE .PFCASF.CFC.PFC .CFP.PFM, IYEAR  WHC00270 
COMMON  /COSTIN/  PR  I B 1 ,PRI C 1 , PR  I B2 . PR I C2 . PR I B4 ,PR IC4 , PR  1 04 , PR  I P 5, WHC00280 
1PPIC5.PRIB9.PR IC9.PR I D9, PR  I E 9, PR  I F 9, PRI Bl 1 ,PR ! Cl I , PR 1 01 1 , PR  IF  1 1,  WHC00290 

2PRIFH.PR  IC12.PR  !D12,PRIB13,PRIC1?,PRI013,PRIB14,PP!C14,PRI014,  WHCOO 300 
3PRIB 15,  PR IC15.PR ID  15, PR  IB  16, PR IC 16.PRI0 16.PR . Bl 7 , PR IC 1 7 , PR  I 017 , WHC003 10 
4PP IF  17, PPICie.PR ID 1 8, PP I B 19, PR IC 19, PR  I 019, PR I B24 , PRN PI , PRNC l , PRNP2WHC00320 

5. PPNC  2, PPNB4,PRNC4,PPND4,PRNB5,PRNC5,PRNB9,PRNC9,PRND9, PRN FO , P RNF9WHC00 3 30 

6. PRNB11.PRNC 11, PRNOll.PRNEll, PRN FI 1,PRNC12,PRN012,PRNB13, PRNC13,  WHC00340 

7 PRN n 13, PRN  R 1 4,PP  NC  14, PRN014, PRNB 1 5 ,PRNC l 5 , PRN01 5 , PR KR 16 , PRNC 1 6 , WHCOO 3 50 
8PRNP1 6, PRNB17.PPNC 1 7 , PRND1 7 , PRNE 1 7 , PRNB20, PLBl ,PLC  1 ,PLA2, PLB2, PL B4WHC00  360 
9, PLC 4, PLA5.PL  B5,PLB6,PLC6,PLA7,PLB7,PLB9.PLC9,PL AIO.PLBIO ,PLA12,  WHCOO 370 
APLB12,PLP14,PLC1 A,PLC15,PL0l5,PLBl6,PLCl6,PL016,PLP19,PLCl9,PTei,  WHCOO 380 
BPTC  1,PT A2,PTR2,PTA3,PTB3,PTC5,PT05,PTB6,PTC6  ,PT 06 , PT P8 , PTC8 , PF A 1 , WHCOO 390 
CPFBI,PEC1,PFA2,PFP2,PFC2,PFR4,PEC4,PF04,PEB5,PEC5, PFP5, PEF5.PFC6,  WHC00400 
CPFD6,OFP7,PEC7,PEP7,PFC 1 1 ,PFO l l , P SA l , PSB1  ,PSC 1 , PS A 2 , PSB2  , PSC2, PSP4WHC00410 
E.PSr4,PS04,PSB5,PSC5,PSP5,PSE  5 ,P SB 6, PSC 6 , P S06 , PSE6 , PSB7 , PSC 7 , PS 0 7 .WHCO042O 
FPSF7, PSC  1 l.PSOl  1,PPN022,PL021 ,PLF  21, PTD10, PTE10 ,PR IP26  WHC004  30 

COMMON  /COSTIN/  PROF  IT, 00  ,R  ,AF A1 ,AFB1 , AFC1 , AFOl , AF II , AFA2 , AFB2,  WHCO0440 
1AFG2»4FA3»AFP3,AFG3,AFA4,AFR4»AFC4»AF04»AFJ4»AFA5»AFP5,AFC5,AFH5,  WHCO0450 
2AFA6,  AFB6,  AFC, 6,  A F A 7,  A FC  7,  A F,0  7 , AF  A 3 , AFB  8 , AF  C 8 , AF  OR  , AF  J p , AT  A9,  ATP9,  WFCO0460 

3 A F C°  , AFC^.AFJO.AFAlO.AFPlO.AFClO.AFHlO.AFAll.AFBll  ,AFC,|  1 , AP  A l 2 , WHCOO  4 70 

4 A F C 1 2 , AFP12,  AFA  13, AFP  13, AFC  13,  AF  A 1 4,  AF  Bl  4 , AF  Cl  4 , KF  UZF  , WAl  , W F l , WF  l , WHCf’04  80 
5W  A2,  WC2,WF2,XGA  IW.CA  1 ,C.F  1 ,CF  1 ,C  A 2 ,CF  2 , C F?  , C A3  , C F 3 , C F3  ,0  A l , OR  1 , CF  l , WHCO0490 
EKL  F6.*GT6,K  STAR, K AGATF ,NC  HAN , KSG A TE ,GA2  ,GB2  ,GK2  , G A 3 , CB3  , G03  ,G  A4  , WH  Clio  500 


uu  u 


T 


7CBA,  CM  4,  GAS,  GB5,GH5,KG,KC  ,KW,KA,KP,IGTYPE  , IC  T YPF  , I PRC  S T WHCO05  10 

COMMON  /COSTIN/  AFE1,AFFI,AFGI,AFH1,AFC2,AFD2,AFE2,AFF2,AFC3,  WHCO0S20 
IAFC3.AFE3,  AFF3.  AFF  4,  A FF  A , AF GA  , AF  H4 , AF  I , AFD5  , AFF  5 , A FF5  , AFG5 , AFC6,  WHC00S30 
2AF06,  AFF6,AFF6,AFB7,AFE8,AFF8, AFG9, AFH8,AFF9,AFF9, AFG9 ,AFH9, AF 19,  WHCOOSAO 
3AFC10,  AFE10,  AFF10.AFG10,  AFC  lit  AF0U,AFEL1,  AF F l 1 , AF B 12 , WB 1 , WC 1 , W01 , WHCOOSSO 
4WP2*WC?*CB1,CC1,CD1»CB2»CC2»CD2,CB3»CC3»CD3»GC1 ,G0 1 ,GE l , GC2 , G02 , WHC00S60 

5GE?,C.F2,GG2,GH2,GI  2,  GJ  2,  GC  3 ,G0  3 ,GE  3 ,GF  3,GG3  ,GH3  ,G  I 3 ,G  J3  . GK3  , GL  3 , WHC00570 

6CN3,CN?,GP3,GCA,  GOA,  GF4,  GF4,GG4,GH4  ,GI  4,GJ4,GKA,GL4,GC5,Gn5,GF5,  WHCOOSPO 

7CF5,CG5,CFTTAB( 1 1) ,PFTTAB{ 111  W^COOSOO 

COMMCN  /CSTPRV/  CBLC »CB«C ,CCASE,CCFU,CCL  ,CCM,CCC?MI  ,CCCML,CCOMM,  WHC00600 

1 CCONT, CCRO,CEBFU,CFBRO,CETj,CEXIN,CGeU,CGRD,  WMC00610 

2 CGT,CCTOT,C  IGN.CIRJFU,  CIRJRD,  CLF,CLFL  ,CLGG,CL  I,CLM,  WHC00620 

3 CLRFU, CIPRO, CLRT, CLTC ,CLTP,CM,CMGG,CMM,CMTC»CMTP,  WHC00630 

4 CMV,CNPZ,CNRJFU,  CNRJRD,  CP.CPAFl ,CPENG,CFL,CPLC,  WHC00640 

5 FPMFGL ,CPMFGM,CP0A,CPR,CPPC,CPS,CPSMGG,CPSN2,CPSRAM,CPSSGC,  WHC00650 

ft  CPTOOl ,CPAF I,CR0EV,CREG,CRENG,CRFT0,CR JC,CRMFGL,CRMFGM,CRCA,  WHC00660 

7 CRTOOL  , CSA,CSRFU,CSPRD,CSRT,CT,CTAF  I ,CTC,CTEB,FTIRJ,CT JFU,  WHCO0670 

8 CTJL F,CTJLFL,CTJRD,CTJT,  CTL, CTM, CTNR J ,CTP , CWH ,CWHFU, CW HR , WHC00680 

9 CBOOC* CRPS, CPFU,PROFPR  *PRFUAF,PRRAF ,CCLB»CCM8,CTCP,CLl B,CN07B,  WHC00690 

A CPRB.CPLR.C IGNB,CSAB,PPOFEX  WHCO07O0 

NAMELIST  /ERRPRT  / CWHR  ,CWHFU,CWH  WHC007  10 

XFUZ  E=K  FUZE  WHC00720 

1 CWHP=WAI*(  (WB1*WCI*WWH+WDI*XFUZE)*WEUWF1)  WHC00730 

2 CWHFU=WA2*(  1 . 28* ( WB 2+WC 2* SORT! WWH) ) *WD2/600.*WF2 I WHC00740 

3 CWH=CHHR ♦CWHFU  WHC00750 

IF  ( l PRC ST  .NE.  0)  WRITE  16, ERRPRT)  WHC00760 

RFTURN  • WHC00770 

ENO  WHC00780 


SLR  3 C'  UT  IN?  PLRCST 

LIOUIO  ROCKET  PROPULSION  COST 
REAL  NPZWT ,MP 

COMMON  /C0MVLS2  WTANK , VF  X IN , VRFQ  »GGW*H PPUMP,WTFUEL  *WCOMM,VCCMI, 

1 P5,Y  I, WNOZ,KFM,MATTK,A,DCOM,WMC ,VB!  ,0THRT,RN07I ,N07WT , MP , C AS  EM, 

2 FNFT,WT,WF,FMAX, S,T4,MFTTJ,ZXNB,D,WM,FC,PPEAK,BSP,NDET,QA,WCS , 

3 WWH,WTC,WTP ,WGG,WSC , WLV, VGT,WO,WP ,OP,WN, MFTAL* NCCNFG 

COMMON  /COSTIN/  PR  I Al, PRIA2,PRJC,PRI A3  , PR  IB3  , PR  l A4,  PR  I E4,  PR  I A5, 

1PP I A6, PR  I A7, PR  I A 8, PR  IB  8, PR  I A 9, PR l G9, PR l A 10, PR  I All , PRIG! I , PR  I A1 2, 
2PP!B12,PRIE12,PR  I A 1 3 , PR  I F 13,  PRI  A 14,  PRI  E 14  ,PR  I A15  ,PR  IF  15  , PR  l A 16  , 
3PP  IF  16,  PR  I A 17,  PR  IF  l 7,  PR  I A 18  , PR  I B l 8 , PRI  F 1 8 , PR  I Al  9 , PR  I F19  , PR  I A20  , 
APR  I A2  1.PE IA22,PRIP22,PR1A23,PRIB2  3,PRIC23,PRI A24 , PR  I C24 ,PR  I A25  , 
5PPIR25, PP I A26,PR !B26,PR I C 26 , PR NA l , PR NA2 , PRN A3 , PRNB3 , FRN A4 , PPNF4 , 
6PPNA5, PRNA6, PRN A 7, PRN A B , PRNB 8 , PRN A9 ,PRNG9 , PRNA l 0 , P RN A U , PRNGll , 
7PRNA12.PPNB 12.PRNE 12, PRN A 1 3, PRNE l 3 , PRN A IA , PRNF1 A ,PPN A15 , PRN A 16, 
8PPN A 17, PPNA18.PRNP 1 p , PP N A l 9, PR NB 1 9 , PRNC 1 9 , PR N A20 , PRNC 20 ,PR N A? I , 
9PPNP21,PRNA22»PPNP22,PPNC22.PLPC , PL A 1 , PL A3 , PL 83 , PL  A* , PI  A6, PLAfl, 
APLB8,  PL  AO,  P|.  A 11,  PI  B l l,  PL  A 13,  P LB  l 3,  PLC1  3 , PLD1 3 , PL  A l A , P LO  l A , PL  A 1 S , 
BPLB15,PLF15,PLF1S,PLA 16 , PLF 1 6 ,PL A l 7 , P LA 1 8 , PLB1 8 , PL C IB ,PL A 19, Pi  A 20 
CPLB20,PLA2l,PLB2l,PLC2l,PTAl,PTOl ,PTAA,PTRA , PT  A5 » ° T P5  * DT  F5  * PT  A6  , 
CPTF6,PT  A7.PTB7,  PTC  7,PTJC.  ,P  T A8  , P T08  , P TA9  , PT  BO  , PT  A 10  , FT  B 10 , PT  C 10  , 
EPFA3,Pf P3,PFAA,PFFA,Pr A5,PFF5,PE A6,PEB6,PFF6,PEA7 ,PFF7,PrAB, PF  AO, 


>13  C0010 
PL  RC0020 
PL  RCOO  30 
PLRCOOAO 
PL  RC0050 
PL  RC0060 
PLRC0070 
PL  RC0080 
PLRC0090 
PLRCOIOO 
PL  R CO  1 10 
PLRC0120 
PLRC0130 
PLRCOIAO 
PLRC0150 
PLRC0160 
PL  RC0170 
PL  Rf.0 1 80 
P(  »C0190 
PLRC0200 
, PLRCO  >10 
PLRC.0  220 
P(  R CO  2 30 

plrc.opao 


V! 


8-  1A 


t 


k 


FPFALO.P  FPIO.PFC  10.RFA  11  ,PFIH  l , PF  F 1 1,PF  PC  ,PSPC,PS  A3  ,PSH3,PS  A A,  PS E 4,  PL  RCO? 50 
GPS  AS,  PSF5.PSA6,  P SF6.P  S06.PSA  7.PSF  7 , P SA 8 , PS A9  , PS  Al  0 , PS  B 10  , PS C 10  , PLRC0260 

HPSAll.PSPLl.PSEl  1,CFT,PFT,CFCASE  ,PFC  ASE  ,C  FC , PFC  , CF  M ,PFM  , I YE  AR  PI  RC.0  270 

CrMMPN  /COST  IN/  PPIB1,PRICI»PRIB2,PRIC2,PRIB4,PRIC4,PR!04,PRIB5,PIRCO?80 
1PRIC5*PPIB9»PRICS*PRI09*PRIF9,PRIF9,PRIB11*PR1C11»PRID11*Pp1EII»  PLRC0290 
2PP  IF  1 1,PR IC  12»PR  ini2,PRlB13,PRIC13,PR!013fPRIRl4,PRlClA,PR!014,  PI R TO  300 

3PR[P15,PRIC15,PRIP15,PR!B16,PRIC16,PR1016,PP1B17,PRIC17,PRI017,  PLRC0310 
4PPIF17, PR IC 1 6, PR  10  19, PR  IP  1 9,  PR  I C 1 S , PRI  01  9 , PR  I 824  , PRN  P l , PR  NC  l , PR  KB  2P|  RC0  320 
5 , PRNC 2»  PRN 84 , PRN C4, PRN 04 ,PRNB 5 , PRNC 5 , PRNB9 , PRNC9 , PPNC9 , PRNF9 , PR NF9PL R CO  3 30 
6»PRNRll,PRN0ll,  PPNDUfPRNEll.PRNFll  , PRNC  12  , PRN012  , PRN  PI  3 ,PRNf  1 3 , PLRC0  340 

7PRN0  13, PRN8 l 4, PR NC 14, PRNO 14 , PRN8 1 5 , PRNC  1 5 , PRND 1 5 , PR  NB 16  , PRNC  16 . PI  RC0  350 

8PRN016,PPN917,PRNC17,PRN017,PRNF17, PRNB20  »PLBl  ,PLC  1 , PL A2 , PI B2 , PL  P4PL  PC0360 
9,PLC4,PLA5,PLB5,PLB6,PLC6,PLA7,PLB7,PLB«,PLC9,PLA10,PLB10,PLA12,  PL  RC03  70 
APLB12tPLB14,PLC  14.PLC  15»PLD15.PLB16,PLC16,PL016,PLPI9,PLC19, PTR1,  PL  RCO  3R0 
ePTCl,PTA2,PTB2,PTA3,PTB3,PTC5,PTD5,PTB6,PTC6,PTD6,PTPB,PTC9,PFAl,  PLRC0390 
CPEBlfPECl,PEA2,PFB2,PFC2,PEB4,PEC4,PEn4,PEB5,PFC5,PF0S,PFE5,PFC6,  PI  RCO 400 
CPFD6,PEB7,PEC7,PF0  7, PFC 1 l,PE01 1 , P SA 1 ,PSB1 ,PSC 1 , PS A2 , PSB2 , PSC2 , PS P4PI  RCO 4 10 
E,PSC4,PSn4,PSB5,PSC5,PS05,PSE5tPSB6,PSC6,PSn6,PSE6,PSB7, PSC7, PS07.Pl  RC0  4 20 
FPSE7,PSC11,PS011,PRND22, PLD21 , PLE21 , PTD1 0 ,PTF 1 0 , PR  I 026  PLRC0430 

COMMON  /C.nSTIN/  PROFIT  ,00  ,R,  AFA1  , AFBl  , AFC1  ,AF01  , AF  II  , AFA2,  AF  82,  PIRC0440 
1AFG2,  AFA3, AFB3, A FG 3, A F A 4, A FB  4 , AF C4 , AF04 , AF J4 , AF A5 , A F B5 , AFC5 , AFH5 , 

2AFA6, AFB6.AFG6, A FA  7, A FC 7 , AFD 7 1 AF A B , A FB 8 , AFC8 , AF08 , A FIB, AFA9.AFP9, 

3AFC9, AF09, AFJ9, AF A 10, AFB 1 0 , AFC  1 0 , AFH 10 , AF A 1 1 , AFBl l , AFG1 1 , AFA17, 

4AFC  12,  AFD12*  AFA13,  AFB  13,  AFC13.AF  A 1 4 , AF B 1 4 , AFC  14  , KF UZF  , w A l , WF  l , WF  l , PL  RC.04 BO 
5WA2,WC2,WF2,KGA I N ,C A l ,CE 1 , CF 1 ,CA2 ,CE2 ,CF2 ,CA3 ,CE3 ,CF3 ,G A l , GB l,  GF l , PL  RC0490 
6KL E6t KG T6,K STAB, K AGATE ,NCHAN, KSGATF ,G A? ,GB2 ,GK2,GA3 ,GR3 , GO  3 ,G A4 , PLRCOSOO 
7CP4, CM4,GA5,GB5,GH5,KG,KC ,KW ,KA , KP , I GTYPF , ICTYPE , I PRCST  P|  RC0510 

COMMON  /COSTIN/  AFEl,AFFl,AFGl,AFHl,AFC2,AF02»AFE2,AFF2,AFC3t  PLRC0520 

1 AF03, AFF3.AFF3, AFF4,AFF4,AFG4  ,AF H4  ,AF I 4 ,AF05 , AFE5 , AFF5 , AFG5, AFC6,  PL  RCO  S 30 

2 A F06 , AFF6, AFF6, A FP 7, AFE 8 , AF FB , AF G8 , AFHB , AFF9 , AFF 9 , AFG9 , AFH9 , AF 19, 


PI  RCO 4 SO 
PL  RCO 4 60 
PL  RCO 4 70 


PL  RC0S40 


3AFD10, AFE 10, AFF 1 0, AFG 1 0, A FC l l , AF Dl 1 , AF E 1 l , AFF 1 1 , AF B 12 , W B1 , WC l , WC1 , °L RCOSSO 


4WB2,WC2,CB1,CCI,CD1,CB2,CC2,C02,CB3 ,CC3 ,C03 ,GC1 ,001 ,GE 1 ,GC ? , GO? , 
5CF2, CF2,GG2,GH2,GI2,GJ2,GC3,G03,GE3,GF3,GG3,GH3 ,GI 3 ,GJ3,GK3,GL 3, 

6 CM3, GN3.GP3, GC4, GO  4, GF 4 , GF4.GG4, GH4,GI 4 ,G J4 , GK4 , GL4 ,CCS , GO 5 ,GF S , 
7GF5,GG5,CFTTAB(  1 1 ) *PF  TTAB  < 11 ) 

COMMON  /CSTPRV/  CBL  C , CBMC  ,CC  A SE , CCF  l)  ,C  CL  ,CCM,CC0M1  , CCCML  ,C  COMM  , 

1 CCONT, CCR  0, CEBFUtCEBR  0, CET  J ,CEXI N »CGFU,CGRO, 

C GT , CGTOT ,C1GN,CIRJFU,  CIRJRD,  CLF ,C LFL »C LGG , CL  I , CL M, 

CLPFU,rLRRD,CLRT,CLTC,CLTP,CM,CMGG,CMP,CMTC,CMTP, 
CMV,  CNOZ.CNRJFll,  CNRJRD,  CP  , CPAFI  , CPE  NG  ,C  PL , CPLC  , 

CPMFGl  ,CPMFGM,CPO A.CPR ,CPRC ,CPS,CPSMGG,CPSN2,CPSR  am.cpssgg, 
CPTOm  , CR  AF  I , CR  OF V , CR  EG ,CRENG  ,C  RF  TO  »C R JC  , CR MFGL , C RMFGM  , CRO  A , 
CRTOOL ,CSA,CSRFU,CSPRC,CSRT,CT,CTAF I ,CTC,CTFB,CTI PJ.CTJFU, 

CTJLF,  CTJLFL  ,CT  JPO.CTJT,  C TL  ,CT  M ,CTNR  J ,C T P , CWH , CWHFl) , CW  HP  , 

CBOOC,CRPS,CPFU,PPPFPR,PRFUAF,PRRAF ,CCLB,CCMB,CTCB,CLIB,CN078, 
CPRP.CPLB.C I GNB ,C SAP , PROFF  X 


PL  R C0S60 
PL  RC0570 
PL  RCOSBO 
PL  RC0S90 
PLRC.0600 
PLRC0610 
PL  RC0620 
PL  RC0630 
PL  RC0640 
PI  RC 06 SO 
PLRC0660 
PLRC0670 
PLRC06R0 
PL  R C06°0 
PI  RF0700 


r im 

FUSION  P L B 14A  (3 

) 

PI. 

PC0710 

NAM 

El  1ST  /FRRPR  T/ 

C.L 

TC  , 

C M 

TC. , C TC , CL 

TP,  CM  TP,  C LGG  ,C  MGG  ,CT  p,CI  m,C”*, 

PL 

RC0721 

i ; n 

, r,  T , CPS  , CT 

,f  P, 

CP 

L ,C 

SA 

,CLRFU , 

CL  PRO,  Cl  RT 

PL 

R:  0 7 80 

PAT 

A PL P 14 A/ 21 

65.  , 

16 

495 

■ , 

7191. 

/ 

PI 

RC0740 

PI  8 

1 4U=  PL  B 1 4 A ( 

Mf  T A l 1 

PL 

PC 07 SO 

PLC 

14U=  .26CP 

PI 

P CO  760 

ir 

1 PL  P 14  .ME. 

0.  ) 

P 

1 P 1 

4U 

= PLBl 

4 

PI 

HC0770 

ir 

(PLC  14  .NF. 

0.  ) 

P 

If  1 

411 

= P|  C l 

4 

P| 

w r o ? p o 

Cl  T 

C = PI  Al*PL  PI 

* W TC 

PLC 

1/ 

1000. 

P» 

R F p 7 9 0 

9-  l S 


— 


jv«  antff 


i 


o n n 


2 CMTC=Pl A2*l.35*WTC**PLR2/1000.  PLRCOROO 

3 CTC=PL  A3*ICLTC*CHTCH-PLB2  PLRCOPIO 

4 CLTP=Pl A4*PL8  4* ( WTP-WGG- WSC ) **PLC4/1000.  Pl<>C04?0 

5 CMTP=PL  A5*1.35*(WTP-WGG-WSC)**PLB5/1000.  PL  RC0R30 

6 CLGG=PL  A6*PL  B6*<  WCG+WSC  )**Pl.C  6/1000.  PLHC0B40 

7 CMGG=Pl  A7*  l. 35* I WGG+-WSC  )**P LB  7/1000.  PLRC0B50 

8 CTP=PLAP*|  CLTP*CMTPKLGG*CMGG  >*PLB8  PLRC0B60 

9 CLM=PLA9*PLBS*WLV**PLC9/1000.  PIRC0870 

10  CMM=PLA10*1.35*WLV**PLB1C/1000.  PI RC0980 

11  CM*PLA11*(CLM-»CMM)-»PLR11  PLRC0890 

12  CGT=PL A 12*l.059*VGT**PLR 12/10C0.  Pt RC0900 

13  CPS=PLA13*(CCT*PLB13*PLC 13»*PLD13  PLPC0910 

14  CT=PL  A14*PL8  14U*  1. 1*WT**PLC14U/1000.*PLD14  PLRCOP20 

15  CP»Pl A1 5*( PL  8 15* ( PLC 15 /WO  )**PL01 5*W0*PLF 15*1 PLC15/ WF | **PLD1 5*W  F I PLRC0930 

1 /1000.*PLF15  PI  RC0940 

16  CPL=PLA16*PLB16*1.  1*(PLC 16/WP)**PLD16*WP*PLF16  PLRC0950 

17  CSA=PL  A 17  PL  Rf.0960 

18  CLR  FU=I PI  A 18* l. 15*PLB 1 e* ICTC*CTP*CM*CPS+CT*CP*CPL*CS A ) *PLA 18*PLC l8Pt  RC0970 


l )*(  l.  + PLPCI 

PLRC09P  0 

C PFU=CL  RFU 

PLRC0990 

PROFPR=CLRFU*PLPC/( l.+PLPC) 

PL  RC 1000 

21 

CLRR0=PLA21*«PLB21*< 1.462*PLD21*FHAX*PLF21 )*PLC21) *(l.*PLPC 1 

PLRC1010 

CRPS=CLRPD 

PI  RC1020 

22 

CLRT=CL  RR  P*CLRFU 

PL  R Cl  030 

CL  TC  = CL  TC*PL  A 18 

PLRC1040 

CMTOCM  TC*PLA1  8 

PL  RC  1 050 

CTC*CTC*PL A18 

PL RC 1060 

CLTP=CLTP*PL A18 

PL RC 1070 

CHTP*CMTP*PLA18 

PLRC1080 

CL  GG=CL CG*PLA  18 

PLRC1090 

C*»GG=CMCG*PL  A 18 

PLRC1100 

CTP=CTP*PLA18 

PL  RC1110 

CL*<=CLM*PL  A18 

PLRC1120 

CPM*CMM*PL A18 

PLRC1130 

CP*CM*PLA18 

PLRC1140 

CCT=CGT*PLA  18 

PL  RC1150 

CPS*fPS*PL  A 18 

PLRC1160 

CT»CT*Pl AIR 

PL  PCI  1 70 

CP«CP*PLA18 

PL  PCI  180 

CPL  *C  PL  *P1  A18 

PLRC1190 

CS A*C S A*PL  A 1 8 

PL  RC 1200 

IF  ( 1PPCST  .NF.  0)  WRITE  1 6.ERRPRTI 

PL R Cl  2 10 

RETURN 

PLRC1220 

fNO 

PLRC1230 

SI/PP OUT  fNF  PF8CST 

F XT  F°N  Al  ROOSTER  PPOPULSICN  COST 

rr'iMON  /conl v / xputg,  oiafrt,  sohmorisi 

RFA1  NOZWT.MP 

CFMXPN  /COMVl  S/  WT  ANK  , VF  X I N , VRFQ  »GG W ,H  PPUMP , WT  FUEL  tWCCWM.vCCMI  , 

1 R5.Y  l,WN07,KFMf  *ATTK  , A, PCOM.wMC ,VBI  *P  THRT  , RNP7  I »NC7WT,WP,CASFM* 


PFPC0010 

PFBC0020 

PFRCOORO 

PC8C0040 

PFRC0050 

PTRC0060 

OFBC0070 

r»r  nr.oneo 


B-  IS 


2 FNFT, KT.WF.FMA  X,S,T4,MF  TTJ  ,ZXN3 ,D , W M, FC , PPF AK  , BS P ,N CET , 0 A , H CS , 

3 WWH, WTC.WTP ,WGG,WSC ,WLV, VGT,WO,WP  ,DP,WN,MFTAL,NCONFG 

COMMON  /COSTIN/  PRI A1,PRIA2,PRJC,PRIA3,PPIB3,PRI A4.PRIE4.PRIA5, 
1PRIA6,PRIA7,PRI A 8, PR  I B 8 , PR l A 9 , PR  I G9 , PR  I A 10 , PR  I All , PRIGll .PRIA12, 
2PRIB12,PRIE12,PR!A13,PRIF13,PRIA14,PRIE14,PRIA15,PP!E15,PRI  A 16, 
3PR  IF  16,  PR  I A 17,  PR  IF  17,  PR!  A 18,PR  I Bl 8 , PR  I F 18 ,PR I A19 ,PRI E19 , PR  I A20, 
4PRIA21.PR IA22,PRIB22,PR I A23 , PR  I B23, PRI C23 , PR  I A24 ,PR IC 24, PR  I A25, 
5PPI R2  5, PR  I A26«PR  IP  26, PR  1C  26, PRNAl ,PRNA2 ,PRNA3 , PRNB3 , PRN A4 , PRNE4, 
6PRNA5,PRNA6,PRNA7,PRNA6,  PRNB8  , PRNA9,  PRNG9,  PRN  A10,  PRAIA  1 1 .PRNGll , 


PFPC0090 
PFBCO  100 
PFPC01  10 
PFBG0120 
PFBC0130 
PERC0140 
PFPC0150 
PERC0160 
PFBC0170 


7PRNA12, PRNB12.PRNF12.PRNA 13.PRNE 13  , PRNAl 4 ,PRNE14 , PRN A15 ,PRN A 16  , PFBC0  180 

8PPNA17,  PRNA18»PRNP16,PRNA19,PRNB19,PRNC19,PRNA20,PPNC20,  PRNA21  , PT BCO 190 

9PRNB21,PRNA22,PRNB22,PRNC22,PLPC,PLA1,PLA3 ,PLB3,PL A4, PLA6, PL Afl , PFPC0200 

APLB8.PL A9,PL All, PLB 11, PLA13,PLB13,PLC13,PL013, PL A14,PUH4,PLA1 5,  PFBC0210 
PPLB15,PLF15,PLF15,PLA 16, PLE 1 6, PLA1 7, PLAl 8 , PLB18 , PL C IB , PL A 19, PL  A 20, PFBG02  20 
CPLB20,PLA21,PLB21,PLC21,PTAI,PTD1,PTA4,PTB4  ,P T A5 , PTB5 , PTF5 , PT A6  , PFBC02  30 
0PTE6.PTA7.PTB7,  PTC 7, PTJC  ,PT A8 ,PTD 8 ,PTA9 , PTB9 , PT AlO  ,PT B1 0 ,PTC 10 , PFBC0  240 

EPEA3,PEB3,PFA4,PEF4,PEA5,PFF5,PFA6,PEB6,PEE6,PF A7, PFF7, PF A8,PF A9,  PEBC0250 
FPFA10,PFB10,PFC10,PEA11,PEB11,PEE1 l ,PFBC , PSPC , PS A3 , PS R3, PS A4, PS F4, PEBC0260 
GPSA5,PSF5,PSA6,PSF6,PSG6,PSA7,PSF7,PSA8,PSA9  ,PSA10  ,PSB10, PSC10 , PF6C02  70 

HPSA11,PSB11,PSE 11,CFT,PFT,CFCASE .PFCASF .CFC.PFC ,CFM  ,PFM, IYFAR  PEPC0280 

COMMON  /COSTIN/  PR  IB  l.PRIC 1.PRIB2.PR1 C2 , PRI B4 , PR  I C4 , PR  I D4, PR  I 65, PFBC0290 

1PRIC5,PRTB9,PR|C9,PRID9,PRIE9,PRIF9.PRIB11,PRICII,PRID11,PRIE11,  PEBC0300 
2PPIF11,PRIC12,PR I012,PRIR13,PRIC13,PRI013,PRIB14,PRIC14,PR1014,  PEPC0310 
3PRIB15, PRIC15,PRID15,PRIB16,PRIC16,PR1D16,PRIB17,PRIC17,PRI017,  PEBC0320 
4PRIE 17, PR  IC  18, PR  1018, PRI B19.PR IC 19 , PRI 019 , PR  I B24 , PRNB1 , PRNC1 , PRNP2PFBC0  3 30 

5,  PRNC2. PRNB4.PRNC4, PPND4 , PRNB5, PRNC5 , PRNB9 ,PRNC9 , PRAC9, PRNF9,PRNF9PEPC0340 

6,  PRN  « 11, PRNCl  l, PRNO 1 l , PRNE ll,PRNFll,PRNC12, PRN012 ,PRNP13,PRNC13,  PEBC0350 

7PRN013. PRNB14.PRNC 14, PR  NO  14, PRNB 15, PRNC1 5, PRNDl 5 , PRNB16 , PRNC 16 , PFBC0  360 
8 PRNO 16, PRNB17.PRNC 1 7 , PRNO  17 ,PRNF 1 7 .PRNB20, PLBL ,PLC l , FL A2 ,PL B2 , PL B4PE BCO 370 
9, PIC4,PLA5,PLB5,PLB6,PLC6,PLA7,PLB7,PLB9,PLC9, PL  A 10, PL P 10 , PL A1 2 , PFBC0  380 
APLP12.PLB14.PLC 1 4, PLC l 5, PLO 1 5, PLB 16 , PLC16 , PL016 , PL B 19, PLC19 , PT Bl,  PFBC0390 
PPTC 1,PTA2,PTB2,PTA3,PTB3,PTC5,PT05,PTB6 ,PTC6, PT06 , FTP8 , PTCB • PE  A 1 , PEBC0400 
CPFB1,PEC1.PEA2,PEP2,PFC2,PEB4,PEC4,PED4,PEB5,PEC5,PFD5,PEE5,PEC6,  PEBC0410 
CPF 06, PE P7,PEC7,PE07, PEC  1 1 , PEO l 1 , P SA 1 , PSB1 ,PSCl ,PSA2»PSB2,PSC2»PSB4PEBC0420 
E, PSC4,PSD4,PSB5,PSC5,PSD5,PSE5,PS06,PSC6,PSD6,PSE6 , PSB7 , PSC7 , PS  C7, PFBC0430 
FPSE7.PSCll,PS01 l,PRND22,PL021 ,PLF 21 , PTOIO ,PTE 10 ,PR I 026  PEBC0440 

C OMMON  /COSTIN/  PROFIT, 00 ,R , AF A 1 ,AFB 1 , AF Cl , AF01 , AF  1 1 , AF A2 , AFB2,  PFBC0450 
1AFG?, AFA3,AFB3,AFG3, AFA4, AFB4, AF C4 , AF04 , AF J4 ,AF A5 , AFB5, AFC5, AFH5,  PEBC0460 
2 AFA6. AFB6.AFG6, AFA7, AFC 7,AFD7,AF A8, AFB8 ,AFC8 ,AF08 , AFI8 , AFA9, AFB9,  PEBC0470 
3AFG9, AFC9,AFJ9,AFA 10.AFB 10, AFC  10, AFH10, AFAll ,AFB1 1 ,AFG1 1, AFA12,  PFBC0480 
4 AFC  12. AF012.AFA 13.AFB 13, AFC  13 , AF A 14 , AF B14, AFC14 ,KFUZE ,W A l ,W E 1, WF l, PEBC0490 
5WA2,W02,WE2,KGAIN,CA1,CE 1,CF1,CA2,CE2,CF2,C A3.CE3 ,CF3 ,GA1 ,G Bl , GF 1 , PE RC0500 
6KLF6,KGT6,K«t<»h  ,KAGATE,NCHAN,KSGATF  ,GA2,GB2,GK2,GA3,GB3  ,G03,GA6,  PEBC0510 
7CB4,  GM4.GA5,  ,GH5,  KG.KC  ,KH,KA,KP,IGT  YPE  , ICTYPE  , I PPCST  PF  BCO  520 

COMMON  /COSTIN/  AFF 1 ,AFF1 , AFGl , AFH 1 , AFC2 , AF02 , AF E2, AF F2, AFC3,  PFPC0530 

l AFC3, AFF3, AFF3, AFE 4, AFF4 , AFG4 , AF H6 , AF14.AF05 , AFE 5 , AFF 5 , AFG5 , AFC 6,  PFPF0540 
2AFC6. AFE6, AFF6, A FP 7, A FF 8 ,A FF 8 , AF G8 , AFH 8, AF F9 , AF F9 , AFG9 , AFH9,  AF 19,  PF PC 0550 
3AF010, AFF10, AFF  10, AFG  10, AF C 1 1 , AF 0 1 1 , AF E 1 1 , AF F l l , AF P 1 2 , W P 1 , WC I , W T 1 , PFBC 0560 
4WP2,WC2,CB1,CC1,CP1,CB2,CC2,C02,CB3,CC3,C03,GC1 ,G01  ,GE! ,GC?,G02,  PF BCO 570 
5CF2,GP2,GG2,GH2,G12,GJ2,Gr  3 ,G03 ,GF 3 ,GR 3 ,GG3 ,GH3 ,G I 3 ,G J3 , GK3  » GL  3 , PPPC0580 
6GM3,  GN3.GP  3, GC4  » GO*. GF4 » GF4,  GG4, GH6  ,GI  6 ,G  J4.GK4.GL4,  GC5,G05,GF5,  PFBC0590 
7CF5,GG5,CFTTAB(  m.PFTTABdll  PFPC0600 

FOMMON  /CSTPRV/  FPt r ,CRMr ,CCASF,CCFU,CCL .CCM.CCPMl ,rcrML.CrO“Mt  PEPC0610 

1 CCONT, rCRO,CFBFU,CrPRO,CE TJ.CCXI N.CGFU.CGRO,  PFBC0620 

2 CGT.FGTOT.F IGN,C IRJFU,  CIRJRO,  FL F , CL FL  , f LGG  ,C L I ,CL M,  PFPC0630 


3 CLRFU.Cl  RRO,CLRTtClTC  ,CLTP,CN,CPGG,CMP,CMTC,CNTP, 

4 CMV ♦ CNOZ , CNR JFU , CNRJRD,  CP ,CPAFI ,CPE NG ,C FI ,CPLC, 

5 CPHFGL ,CPMFGM,CPCA ,f PR ,CPRC , CPS, CPSNGG ,CPSN2 ,CPSR AP, C PSSGG, 

6 CPTPOL ,CR AFI,CRDFV,CPFG,CRFNG,CRFTO,CRJCtCRMFGl.CRNFGM,CRQA, 

7 CRTOOL , CSAtCSRFUtCSPPntCSRT,CT,CTAFI ,CTC,CTFB,CT|RJ,CTJFU, 

8 CTJLF, CTJLFL.CTJPD.CTJT,  C TL ,CT M.CTNR J ,CTP , CWH, CWHFU ,CW HR , 

9 CBPOC.CRPS.CPFU.PROFPP.PRFUAF.PRRAF ,CrLB,CC"B,CTCe,CLI B.CNOZB, 

A CPRB.CPLB.C IGNB.CSAB.PPPFEX 

NAMEL 1ST  /ERRPRT / CCl B ,fr MB ,C TCB , CL  I B .CNOZB.CPRB, C FIB, C I GNR, CS AE, 
1 CEBFU.CEBRD.CTEB 
CSL  IK  * P 
T *=  C * D1AFRT 
lsCAS  EM 

CFMU-CFTTABI I I 

PFHU=PFTTAB( I 1 

IF  ( CFH  .NE.  0.)  CFMU=CFM 

IF  ( PFM  .NE.  0.1  PFMU=PFM 

CCL  B*P  EA1*CFMU*(PEB  1/WHC  )**PEC1*WMC 

CCMB= 1.  1*PEA2*PFMU*(PEB2/WMC)**PEC2*WMC 

CTCB=PEA3*(  CCLB+CCMB ) +PE B 3 

Cl IB=1.1*PEA4*PEB4*(PEC4/VBI )**PE04*VBI ♦PEE4 

CNOZB= 1 • 1*PE A 5*PEB5* I PEC5+PE05*DTHRT«-PFF5*RN0Z  I )*NCZWT*PEF8 

CPRB=PE A6*PEB6*MP/ 1000.* ( PEC 6/MP) **PED6*PEE6 

CPLB=l.l*PEA7*PEB7*MP*(PEC7/MPI**PED7*PEE7 

C I GN  B=P  EA8 

CS AB=PEA9 

CEBFU=Z  XN B*(PEA10*(  PEB10*(C  TC8*CLIB«-CN0ZB*CPRB*CPLB*CIGNR*CSABI 
1 +PEC  10  ) *f l.+PEBCII 
PROFEX=CFBFU*PEBC/( l.+PEBC) 

CEBRD=PEA11*(PEB11*PEC  ll*(D*WM)**PE0ll*1.462*PFFll  I*(  l.+PFBC  ) 

CTEB=CEBP  O+CEBFU 

CCL  B=CCLB*PEA 10 

CCMB=CC  HB*PE  A 10 

CTCB=CTCB*PEA10 

Cl IB=CL IB*PFA 10 

CNPZB=CN07B*PEA 1C 

CPR  B=CPRB*P  E A 10 

CPL  B=CPLB*PFA10 

CIGNB=CICNB*PEA10 

CSAB=CS«B*PFA10 

IP  (IPPCST  .NE.  C>  WRITE  ( 6*  ERRPRT) 

C = PSL  IK 

RETURN 

EMC 


SL'RR PUT  IN F PSRCST 


SPl  IP  SUSTAINFP  PRCPULSION  COST 


C.PMMPN  /CPINLY/  K IN  HP  S , P l AFR  T»S  WMC  , SP  THP  T » SPNOZ l ♦ SW  P ,S  CMMflP  ( 4 ) 
REAL  NPZWT.MP 

CPMHrK  /C  PMVL  S/  WTANK  , VF X IN , VR FQ ,GG W ,H PPUMP , WT FUE l , WCCPH, VCPMI , 

1 P5,Y1,WNPZ,KPH,VATTK , A .nCPH.WHC ,VRI ,DTHRT ,RNOZ I ,NCZWT,MP, CASFM, 


H-  18 


PFRC0f>40 
PF«C0480 
PERC0660 
PFRC0670 
PFBCOBBO 
PFRP.Of.oO 
PFRC0700 
PFBC0710 
P FRP0720 
PFRC0730 
PFRC0740 
PFPP07S0 
PEBC0760 
PFBC.0770 
PERCOTPO 
PEPC07O0 
PFBC0800 
PFBC0R10 
PEBC0R20 
PFRC0830 
PFBC0840 
PEPC0850 
PF  0COR6O 
PFRC0370 
PEBCORRO 
PFBC0890 
PFPC0900 
PERC0910 
PFPC0920 
PC°C0930 
PFBC0940 
PFRC0980 
PFPC0960 
PFBC0970 
PEBf 0980 
PFRCO^oO 
PFeClOOO 
PF  RC 1 0 10 
PFRC1020 
PFPC1030 
PERC1040 
PERC10S0 
PFBCIOBO 
PFBC1070 


PSRC0010 

PSRC0020 

PSRP0030 

PSRC0040 

PSRPOOSO 

PSRP0060 

PSRC0070 

PSRPOOPO 


2 FNET,WT,WF,FMAX,S,T4,MF  TT J.ZXNH ,0, WM, FC , PPP AK , PSP ,K0ET  « OA  ,WCS  t PSRC0090 

3 WWH,WTC,WTP,WGG,V>SC,WtV  ,VGT,WO,WP, OP, WN, METAL, NCONFG  PSRCOIOO 

COMMON  /COSTIN/  PR  I A 1 ,PR  I A2  ,PR  JC  , PR  ! A3  , PR!  B3  , PRI  A4  ,PR  I E4 , PR  I A5,  PSRC0110 

1PRIA6.PRI A7,PRIAe,PR!BRtPRIA9,PRIG9,PRIA10,PRI All ,PRIG11»PR  IA12.  PSRCO 120 
2PRIB12»PRIF12»PRIA13,PRIEl3»PRIA14,PRIE14,PRIA15,PRIEl5, PR  I A 16,  P SR  CO 1 30 

3PR  IE  16,  PR  I A 17,  PR  IF  1 7,  PR  I A 1 8,  PR  I Bl  8 ,PR  ! FIB  ,PR  I A19  , PR  I E 19  , PR!  A20  , PSRCO  140 

4PRIA21.PRI A22,PR IB22 ,PR I A 23, PRI B23, PR! C23 ,PR I A24 , PR !C 24  , PR! A25  , PSRCO 150 

5PPIB25.PR1 A26.PR IB  26, PR IC 26, PRNA l , PRNA2 • PRNA3 , PRNB3 , PRNA4, PRNE4,  PSRC0160 
6PRN A5*  PRN  A6, PRN  A7,PRN A8,PRNB8 , PRNA9, PRNG9, PRNA10, PRN A1 1 ,PRNG1 1 , PS RC 01 70 

7PRNA12,  PPNB12,PRNE12,PRNA13,PRNE  13,PRNA14,PRNE14,PPM15  ,PRNA16  . PSRC0180 
8PRNA17, PRN A 1 8, PR NB 18, PRNA 19, PRNB 19 , PR NCI 9,PRNA20,PPNC20»PRNA2l,  PS RC 0190 

9PRNB2 l,  PRNA22,PRNB 22, PRNC22 ,PLPC ,PLA1 , PLA3 ,PLB3 ,PL A4 , PL A6, PL A8 , PSRC0200 
APLB8,PLA9,PLA11,PIB11,PLA13,PLB13,PLC13 ,PLD13»PLA14,PL014,PLA15»  PSRC0210 
BPLB15,PLF15,PLF15,PLA  16,  PLE  1 6,  PLAl  7,  PLA1  8 , PLB18  ,PL  C 18  , PLA 19 , PL  A20,  PSRC0270 
CPLB20,  PLA21,PLB21,PLC21,PTAl,PTm,PTA4,PTB4,PTA5  ,PTB5 , PTE5 , PT A6 , PSRC0230 
0PTE6,PTA7,PTB7,PTC7,PTJC ,PTA8  »PTD8 »PTA9 » PTB9 » PT AlO .PTBIO.PTCIO,  PSRC0  240 

EPFA3,PEB3,PEA4,PEF4,PFA5,PEF5,PEA6,PEB6,PEE6,PEA7, PEE7,PFA8,PF  A9,  PSRCO 250 
FPFA10,PEB10,PEC10,PFA11,PEB11,PEE11  ,PEBC,PSPC,PSA3,PSB3,PS  A4,PSF4,'»SRC0260 
GPSA5,PSF5,PSA6,PSF6,PSG6,PSAT,PSF7,PSA8,PSA9fPSAl0  ,PSB10 , PSClO , PSRC0270 
HPSA11,PSB11,PSE1 1,CFT,PFT,CFC ASE  ,PFCASE,CFC,PFC ,CFP,PFM, IVFAR  PSRC0280 

COMMON  /COSTIN/  PR !B1,PR IC 1, PR  I B2, PRI C2 ,PRI B4 ,PR IC4, PR  I 04, PR  I B5, PS PC0290 

1PRIC5,PRIB9,PRIC9,PRI09,PRIF9,PRIF9,PRIB11,PRICII , PR  I Oil , PR  I FI  1,  PSRC0  300 
2PRIF11.PRIC12,PRI012,PRIB13,PRIC 13 ,PRI 01 3 , PRI B14 , PRI C14 , PRI 014 , PSRC0310 

3PRIB15,PR!C15,PR 1015, PRI B 16 .PR IC 16  ,PR I D16 , PRI BIT , PR IC1 7 , PR  1 017 , PSRC0320 

4PRIE 17, PR  I C 18, PR  1018, PRIB 19, PR IC 19»PR I019.PRIB24 , PRNB1 , PRNC1 , PRNP2 PSRCO 3 30 

5,  PRNC  2.PRNB4, PRNC  4, PRND4 ,PRNB5 ,PRNC5 , PRNB9 ,PRNC9 , PRN 09, PRNF9.PRNF9PSRC0  340 

6,  PRN  Bl 1 ,PRNC 1 1, PRNO 1 1, PRNE 1 1 , PRNFl l , PRNC12 , PRNO 12 ,PRNB13,PRNC13,  PSRCO 350 

7PRN013, PRN B 14, PRNC 14, PRNO 14, PRNB l 5, PRNC 15, PRN01 5 , PRNei6 , PRNC 16 , PSRCO 360 
8PRN016, PRNB17.PRNC17, PRN D 17 , PRNE 1 7 ,PRNB20  » PLB1 ,PLC1 ,PLA2 ,PLB2, PLB4PSRC0370 
9,PLC4,PLA5,PLB5,PLB6,PLC6,PLA7,PLB7,PLB9,PLC9,PLA10,PLB10,PLA12,  PSRCO 380 
APLB12,PLB14,PLC14,PLC15,PL015,PLB16,PLC16,PL016,PLB19,PLC19,PTBI,  PSRCO 390 
BPTC1,PTA2,PTB2,PTA3,PTB3,PTC5,PT05,PTB6,PTC6,PTD6, PTB8 , PTC8 ,PE  A l , PSRC0400 
CPEBl,PECl,PEA2,PEB2,PEC2,PEB4,PEC4,PE04tPEB5,PEC5,PE05,PFF5,PFC6,  PSRC0410 
CPF06,PEB7,PEC7,PE07,PFCll,PE0lltPSAl,PSBl ,PSC1 ,PSA2, PSB2, PSC2, PSB4PS  RC0420 
E, PSC4,PS04,PSB5,P SC  5, PSD5, PSE 5, PSB6, PSC6, PS06, PSE6 , PSB7.PSC7.PS D7, PS RC0430 
FPSF7,PSCll,PSnil,PRN022,PLD2l,PLE21,PT010,PTE10,PRI026  PSRC0440 

COMMON  /COSTIN/  PR0FIT,00,R,AFAI,AFB1,AFC1 , AFOl , AF!1,AFA2,AFB2,  PSRC0450 
1AFG2, AFA3, AFB3,AFG3, AFA4, AFB4, AF C4 , AF04, AF J4 ,AF A5 , AFB5, AFC5, AFH5,  PSRC0460 
2ATA6, AFB6,AFG6,AFA7,AFC7,AFO7,AFA8,AFB8,AFC0,AFO8, AFIfl,AFA9, AFB9,  PSRC0470 
3AFC9, AFC9.AFJ9, AFA  10.AFB  10, AFC  10, AFH10.AFA11 , AFB11  ,AFG1 1 , AFA12,  PSRC0480 

4 AFC  12, AFOl 2, AFA 13, AFB 13, AFC  13, AF A14, AFB14, AFC14,KFUZE,WAI .WEl.WFl, PSRC0490 
5WA2,WD2,WF2,KGAIN,CA l,CEl,CFl,CA2,CE2,CF2,CA3,CF3,CF3,GAl,GBl,Gr l,PSRC0500 
6KLF6,KGT6,KSTAB,KAGATE,NCHAN,KSGATE  ,GA2 ,GB2,GK2,GA3,GB3,G03 ,GA4,  PSRC0510 
7CB4,GM4,GA5,GB5,GH5,KG,KC ,KW,KA, KP , I GT YPE , ICTYPE , I PRCST  PSRC0520 

COMMON  /COSTIN/  AFF  l , AFF  l , AFGl  , AFH  l , AFC2  , AFD2  , AF F2 , AFF2 , AFC3  , PSRC.0530 

IAFD3, AFE3.AFF3, AFE4.AFF4, AFG4, AFH4 , AF I 4 , AFD5 ,AFF5 , AFF5 , AFG5, AFC6,  PSRC0540 
2ATC6,  AFF6.AFF6,  ArB7,AFE8,AFF8,AFG8,  AFH8,  AFF9.AFF9,  AFG9.AFH'',  AF  19,  PSRCO  550 
3AFC10, AFF 10, AFF10.AFG10, AFCIL ,AF01 l, AF Ell, AFF l l , AF P 12 , H R l , WC 1 , W 0 l , PS RC 0560 
4WP2,WC2.CB1,CC1,CD1,CB2,CC2  ,C02 , CB3 ,CC 3 ,C03 ,GC l ,G0 1 ,GFl ,GC2,G02,  PSRCO 570 
5GE2, CF2,GG2,GH2,GI 2, GJ 2, GC 3 ,G03,GF 3 ,GF 3 ,GG3 ,GH3 ,GI 3,GJ3,GK3,Gl 3,  PSRCO 580 
6 CM3, GN3,GP3,GC4,Gn4,GF4,GF4,GG4,GH4  ,G! 4 ,G J4 ,G K4 ,GL 4, GC5, G05 ,GF5,  PSRCO590 
7CF5, GG5.CFTTABI lll.PFTTARIll)  PSRC0600 

COMMON  /CSTRRV/  CBLC ,C BMC ,CC A SF, CCF U,C CL ,CCM ,CCOM I ,CCCMl , <T  CMK , PSRC0610 

1 CCONT, CCRn,CFBFU,CFBPO,CFTJ,CFXI  N.CGr U,CGRO,  PS  RC0620 

2 CGT,CGTOT,C!GN,C  IRJFU,  CIRJRO,  CLF  , CLFL  , CLGG  ,CL  I ,Cl  M,  PSRC.9630 
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3 CLR  FU»CLRRD*C.  LRT»CLTC  ,CLT  P,CM,C  MGG,  CMK,  C*TC  , CMTP  , 

4 CMV.CNOZ.CNR JFU,  CNRJRD,  CP.CPAFI ,CPFNO  ,C FL.CPLC. 

5 CPMFGL  tCPMFGM,CP0AfCPR»CPRC,CPS,CPSMr,G,CPSN2,CPSR  AP.CPSSGC,, 

6 rPTPOL  ,CR  AFI,rROEVfCRFG,CRFNGtr.RFTn»CRJC»CRMFGL»rPPFGMtCRQA, 

7 CRTOOl  tCSAtCSRFUtCSPRDtCSRTfCTfCTAFI  ,C  TC  ,CTFB,  CT  l R J ,CT  JFU  , 

8 CTJl  F,  CTJLFL  ,CTJRn,CTjT,  C TL  ,CTM  ,CTNR  J ,CTP  , CVS  ,CWHFU  tCWHR  , 

9 CBOflCt  CRPS.CPFU,PROFPR,PRFUAF,PRRAF,CCLB,CCMB,CTCR,CLIR,CNOZPf 
A CPPB.CPLB.C IGNB.CSAB.PROFFX 

NAMELIST  /EPRPRT / CBL C ,CBMC ,CCASE ,CL I »CNOZ ,CPRC ,CP LC, CS A,C I CN, 

1 CSRFU,  CSRRD.CSRT 
ZS  = WMC 

zss  = nrwr 

ZSSS  = RNOZI 
ZSSSS  = WM 

WMC  = SWMC 
CTHRT  = SDTHRT 
RNOZI  * SRNOZI 

WM  = SWM 

CBLC=PSA1*1. l*( P SB l/WMC )**P  SC 1*WMC 
CBMC=1. 1*PSA2*(PSB2/WMC )**PSC2*WMC. 

CCAS  F=PSA 3*( CBLC*CBMC ) *P  SB  3 
CLT=PSA4*PSB4*1. l*IPSC4/DP)**PSD4*DP*PSF4 
CN0Z=PSA5*PSB5*3.3*WN*<PSC5*PS05*DTHRT*PSE5*RN0Zl  UPSF5 
CPRC=PSA6*WP*(PSB6/IPSC6*WP))**PSD6*PSF6/PSE6*PSG6 
CPLC  = PSA7*1.1*PSB7*WP*IPSC7/(PSD7*WP)  »**PSE7*PSF7 
CSA=PSA8 
C IGN=PS A9 

CSRFU=PSA  10*1  l.+PSPC  )*(PSB10*l.l5*(CCASE«-CLH-CN0Z*CPRC«-CPLC*CS  A 
1 ♦CIGNMPSC10) 

CPFU=CSRFU 

PRO  FPR=CSRFU*PSPC/  ( l.  + PSPCI 

CSRRO=PSA  11*  11.4-PSPC)  *(  PSBll*PSCll  *(  0*WM)**PS0l  1*1  .46  2*PSF  11 1 

CRP  S=C  SRR  0 

CSRT=CSRFU*CSRRO 

CeLC=CBLC*PSA10 

CPMC=CBMC*PSA10 

CCAS F=C CASE* PSA  10 

CL  I =CI  I*PSA10 

CNOZ  =CNOZ  *PSA 10 

CPRC*=CPRC*PSA10 

CPLC=CPLC*PSA10 

CSA*CSA*PSA  10 

C I CN=C ICN*PS A 10 

IF  (IPPCST  .NE.  0)  WRITE  ( 6»  E RRPRT) 

WMC  = ZS 
OTHPT  = ZSS 
RNOZI  = ZSSS 
W*  = ZSSSS 
RFTUPN 
fNP 


PSRC0A40 
PSRC06S0 
PSRC0660 
PS  RC.  06  7 0 
PSRC06R0 
PSRC0690 
PSRC0700 
PS  R CO  7 10 
PSRC0720 
PSRC0730 
PSRC0740 
PS R CO  7 50 
PS RC  0760 
PSRC0770 
PSRC0780 
PSRC07Q0 
PSRCOBOO 
PSRC0810 
PS  R CO  520 
PSRCOfl  30 
PSRC0040 
PSRC0860 
PSRC0860 
PSRC0870 
PSRC0880 
PSRC08B0 
PSRC0900 
PSRC09  10 
PSRC0920 
PSRC0930 
PSRC0940 
PSRC0950 
PSRC0960 
PSRC0970 
PSRC0980 
PSRC09O0 
PS  RC.  1 000 
PS RC1010 
PS RC 10 20 
PS RC 10 30 
PSRC1040 
PSRC1050 
PSRC1060 
PSRC1070 
PS  RC.  I 080 
PS  RC.  1 0«0 
PSRC1100 
PSRClllO 
PSRC1 120 
PSRC1130 


SUBROUTINE  pircst 


PIRCOO 10 
P JPC.0020 


B-  2 3 


nrry  a w'|!  ’ 

•Jt .a/-  I i i v i . 


INTFGRAL  RAMJET  PROPULSION  COST  PIRC0030 

P I RC0040 

PEAL  NOZWT.MP  PIRC0050 

COMMON  /COMVLS/  HT ANK , VF X IN , VREQ »GGW ,H PPUMP, WTF UE L , WC CMM, vCOM l , PIRC0060 

1 R5, Yl.WNOZ.KFM,  MATTK, A, OCOM, WMC , VBI ,OTHRT .RNOZI .NCZWT,  MP,  CASFM,  PIRC0O70 

2 FNFT.WT.WF,  FMAX  , S, T4, ME  TTJ.ZXNB  ,1) , WM.FC  . PPFA  K ,B S P , NCET  , C A .WTS  f PIRCOOPO 

3 WWH.WTC  »WTP  ,MGG  ,*Sf ,WLV  ,VG T , WC, HP ,OP, WN ,MFT AL , NCONFG  PJRCOnqo 

COMMON  /COSTIN/  PR  IA1,PR|A2,PRJC,PRIA3,PRI03,PRIA4,PR|F4,PRIA5,  PIRCOIOO 

IPRIA6.PRI A7,PRIA8,PRIB8,PRIA9,PRIG9,PRIAlO,PRI All , PR  I Gil ,PR IA12,  PIRCOllO 
2PR  IB  12,  PR  I FI  2,  PR I A 13,  PR  IE  13, PR  I A 14 , PRI E 14 , PR  I A1  5 , PRI E15 ,PR  l A If.  , PIRCOL20 
3PRIE16,PRIA17,PRIF17,PRIA18,PRIB18,PRIE18,PRI A19.PPIF19.PRI A20,  PIR<*0130 

4PPIA21.PR IA22.PR  IB22,  PR  I A23,  PR  I B2  3, PR  IC23  , PR  I A24  , PR  IC24  , PRI  A25  , PIRC0140 

5PRIB25.PRI A26.PR 1*26, PR IC 26 ,PRNAI , PRNA2  .PRNA3 .PRNB3, PRNA4, PPNF4,  PIRC0150 
6PPNA5,PRNA6,PRNA7,PRNA8,PRNB8,PRNA9,PRNG9,PRNA10  ,PRMl 1 ,PRNGll,  PIRC0160 
7PRNA12, PRNB12,PRNE12,PRNA13,PRNE 13, PRNA14, PRNE14 , PRN A 15 , PRNA16 , PTRC0170 

8PRNA17, PRN A 1 8.PRNB 1 B.PRNA  19 ,PR NB 19 .PRNCl 9 , PRN A20 , PRNC20 ,PRN A2 1 , PIRCOIRO 

9PRNB21,PRNA22,PRNP22,PRNC22,PLPC ,PLA1 ,PLA3, PLR3 ,Pl A4.PLA6.Pl A8 , PIRC0190 
APLB  8,  PLA9.PL  All, PI  B1 1 , PL  A 13  . PLB13  , PLC1 3 , PLD13  , PL  A14,  PLOl  A,  PI  A15,  PIRC0200 
ePLB15.PLEl5.PLF 1 5, PLA 16, PLE 16, PL A 17 ,PL A1 8 , PLB18 .PLC18 ,PL A19, PL A20, PI R C02 10 
CPLB20,PLA21»PLB21»PLC2l»PTAl»PT01,PTA4,PTB4  ,PTA5 ,PTR5 , PTE5 , PT A6 , PIRC0220 
CPTF6,PTA7,PTB7,PTC7,PTJC  ,PTA 8 ,PTD8, PTA9, P TB9 ,PT AlO ,PTB 10 , PTC  10 , PI RC0230 

EPEA3,PEe3,PEA4,PEE4,PEA5,PEF5,PEA6,PEB6.PEF6,PEA7, PEE7,PEA8,PFA9,  PI9C0240 
FPFAlO.PFBlO.PEClO.PEAll.PEBll.PEEll.PFBC  ,PSPC »PS A3  » PSB3  »PS  A4  » PSF4  » pt  RCO  250 
GPSA5,PSF5,PSA6,PSF6,PSG6,PSA7,PSF7,PSA8,PSA9,PSA10,PSB10,PSC10,  PIRC0260 
FPSAll.PSBll.PSEll.CFT.PFT.CFCASE ,PFC ASE ,CFC , PFC ,CF  M , PFM,  l YE  AR  PIRC0270 

COMMON  /CO  ST  IN/  PR  I B 1 , PR  I C l , PR  I B2  , PRIC2  ,PR  I BA  ,PR  IC4  , PR  109  , PR  I P5,  P I RC02R0 

1PRIC5.PRIB9.PRIC9.PR 1 05, PR  IE 9, PR  IF  9. PRI fill .PRICll , PR  101 1 , PRI El  1 , PI RC0290 
2PRIF11.PR  IC12.PR  ID12,PR1B13,PRIC13,PRID13,PRIB14,PRIC14,PRI014,  PIRC0  300 
2PRIB15,  PR  I Cl  5,  PR  10 15, PR  I B 16,  PR  IC  l 6 ,PRI  016  ,PRI  Bl  7 , PR  I C17  , PR  I 017  , PIPC.0  310 
4PRIF  17,PRIC18,PRI018,PRIB19,PRIC 19 , PRI 019 , PRI B24, PRNei , PRNCl , PRN P2P  I PCO 320 

5. PRNC  2, PRNB A, PRNC4, PRND4.PRNB5 .PRNC5  » PRNB9 ,PRNC9 , PRNC9, PRNF9, PRNF9P TR CO  330 

6,  PRNB  1 1 ,PRNC  ll.PRNOll.PRNFll, PRNF 1 1 , PRNC12 , PRN012 »FRNB13»PRNC13»  PIRC0340 

7PPND13,PRNB14,PRNC14, PRNO l A, PRNB 15, PRNCl 5 , PRN01 5 , PRNB16 , PRNC16 , PIRC0350 
8PRN016,PPNB17,PRNC17, PRNO  17.PRNF17, PRNB20, PL  Bl ,PLC 1 ,PLA2, PLB2, PL BAP  I RC0  360 
9, PLC A, PLA5.PL B5.PLB6.PLC 6, PLAT, P LB  7, PLB9, PLC9.PL A10,PLB10,PL A1 2,  PIRC0  370 
APLP12,PLB1A,PLCIA,PLC15.PLD15,PLB16,PLC16,PL016,PLE19,PLC19,PTP1,  PIRC03B0 
RPTC1,PTA2,PTB2,PTA3.PTB3,PTC5.PTD5,PTB6,PTC6  ,PT06 , PT P8 , PTC8 , PE A1 , PIRC03RO 
CPEBl,PECl,PEA2,PEP?,PEC2,PEB4,PECA,PED4,PEB5,PEC5, PE05, PEE5.PFC6,  PIRC0400 
CPFr6,PFB7,PEC7,PE0  7,PECll,PE0ll,PSAl ,PSB1 ,PSCl ,P$A2 .PSB2.PSC2,  PSB4P1RC0410 
E,PSCA,PS0A,PSB5,PSC5.PS0  5,PSE5,PSB6,PSr6,PS06,PSE6 ,PSB7 , PSC7 , PSD7, PI RC0420 
FPSF  7, P SC  I l.P  SOI  1 ,PRN0  22, PL021 , PLE  21 , PTD1 0, PTE1 0 , PR  1026  PIRC0430 

COMMON  /COSTIN/  PROFIT,  00  ,R  , AF A 1 , AFB 1 , AF Cl , AF01 , AF 1 1 , AF A2 , AFB2,  PIRC0440 
IAFG2, AFA3, AFB3, AFG3,AFA4,AFB4,AFC4,AF04,AF J4.AFA5, AFB5, AFC5, AFH5,  PIPC0450 
2AFA6, AFB6.AFG6.AFA  7, A FC  7, AF07 , AF A8 , AFB 8 , AFC 8 ,AFOR , AF I 8 , AF A9 , AFR9 , PIRC0460 
3AFC9.AFC9, AFJ9, AF A 10, AFB 1 0, AFC  10 , AFh 10 , AF A 1 1 , AF B 1 1 , AFG 1 1 , AF A l 2,  PIRC0970 

AAFC12,AF012,AFA13,AFB13,AFC13, AF AIA.AFBIA.AFCIA.KFUZE.WAI ,WF 1 ,WFl , PI RC0480 
5WA2. WC2,WE2,KGAtN,CA l.CE 1 ,CF 1 ,CA2 ,CE2 ,CF2 ,C A3 ,CF3 ,CF3 ,GA 1 , GB l, GF 1, P I RC0490 
EKl  F6,  KGT6,  K STAB,  KAGATF.NCHAN.KSG  ATE,  GA2  .GB2.C.K2  .GA3.GB3.G03  ,GA4,  PIRC0500 
7GP4, GM4.GA5, GB5.GH5.KG ,KC ,KW  ,K A , KP , I GTY PE , ICTYPF, I PRCST  PIRC0  5I0 

COMMON  /COSTIN/  AFE1,AFF1,AFG1,4FH1,AFC2,AF02,AFE2,AFF2,AFC3,  PI»C05?0 
IAF03.AFE3, AFF3.AFE4, AFF4, AFG4 . AFH4 , AF 14 ,AF05 , AFE5 , AFF5,  AFG5, AFC6,  PIRC05  30 
2 A F06, A F F6, AFF6, AFB  7, AFF  8, AFF 8 , AFGB , AFH8  » AFF9 , AFF9 , AFG9 , AFH9 , AF I 9 , P1PC0540 
3AFCI0,AFE10,AFF  10.AFG1C.AFCU  .AFOll.AFFll.AFFll  , AF  P l?  ,wRl  ,WC  1 , WO  1 , PI  RC0550 


4WP2,wr.2,CPl,CCl,Cri,rB2,rC2,C0  2,CB3,rC3,C03,GCl  ,001  ,GF  1 ,r,C  2.G02, 

5CF2,CF2,CG2,GH2,0l2,GJ2,tiC3.r,O3,GF3,GF3,GG3,GH3  ,01  3 ,G  J3  ,GK3,  GL  3 , 


pf  r rnsAO 
PI °C0  5 70 


1 

2 

3 


4 

99«l 


5 

6 

7 

8 

10C0 

9 

2000 

1C 

30C0 

11 


4CC0 


12 

13 

14 

15 

16 


6  03,  CN3,GP3,GC4»G04*GE4*GF4,GG4»GH4»GI4,GJ4»GK4*GL4»GC5»G05»GF5» 
7CF5,GG5,CFTTAB( 11) ,PFTTABI 11) 

COMMON  /CSTPRV/  CBLC ,CBMC ,CCASE,CCFU,CCL ,CCM,CC0M1 ,CCCML,CCCMM, 

1 CCONT, CCRD,CERFU,CEBRO,CETj,CEXI N,CGF  U,CGRO • 

2 f GT» CGTOT,C IGN » C IR JFU,  GIRJRD,  CLF.CLFl  ,CLGG,CL l,CLM, 

3 CLRFU,CLRRD,CLRT,CLTC,CLTP,CM,CMGG,CMM,CMTC,rMTP, 

4 CMV.CMOZ.CNRJFU,  GNRJRO,  CP ,C PAF I ,C PENG ,C FI , CPLC, 

5 CPMFGL,CPMFGM,  CPO A,CPR , CPRC , CPS,CPSMGG,CPSN2 ,CPSR AM, C PSSGG, 

6 CPTOOL ,CRAF I »CROEV»CPFG»CRENG,CRFTQ»CRJC*CRMFGL»CRNFGM,CRQA» 

7 CRTOOl  ,C$A,CSRFU,CSRPD,CSRT,C  T.CTAF  I ,CTC  ,CTEB  ,C  TI  R J,CT  JFIJ  , 

8 fTJLF,rTJLFL,CTJPO,CTjT  , C TL,C TM, CTNRJ ,CTP  , CWH.CWHFU, CM  HR, 

9 CBOOC,  CRP S, CPFU.PROFPR ,PRFUAF,PRRAF ,CCLB,CCMB,CTCe,CLI B,CN07R, 

A CPRB,CPLB,CIGNB,rSAB,PROFEX 

AAMFl 1ST  /FRRPR  T / CTl ,CTM ,CT ,CEXI N,CGT ,C REG ,C MV ,CPSA2 , C PSSGG, 

1 CPSMGG,CPSRAM,CLF,ClFL,CBLC,CBMC,CLI,CNOZ,CPRC,CPLC,CIGN,CSA, 

2 CBOOC, CIR  JFU,  Cl R JRO ,C TIR J ,C PS 

CFTU*CFTTAB(MATTK) 

PFTU=P FTTABl MATTK  ) 

I=CASFM 

CFCASU-CFTTABt  1 ) 

PFCASU=PFTTAB(I  ) 

IF  ( CFT  .NE.  0.)  CFTU-CFT 

IF  (PFT  .NE.  0.)  PFTU*PF  T 

IF  1CFCASE  .NE.  0.)  CFC A SU-CFC ASE 

IF  (PFCASE  .NE.  0.)  PFCASU*PFC ASE 

CTL  = 1.059*PRIA1*PR IB1*CF  TU*WTANK**PR IC 1 

CTM=  l.059*PRl A2*PRIB2*PF  TU*WTANK**PR IC 2 


CT=PP  !A3*ICTL*CTM)*PRIB3 
C EX  IN  = 0.0 

IF  < VFXIN  .EQ.  0.0  ) GO  TO  9991 

CFX IN*1.1*PRI A4*PR IB4* I PR IC4/ VEX  1 N) **PRl D4*VEXIN*PRIF4 
CONTINUE 

IF(KFM.NF.l)  GO  TO  1000 

CCT=  1.059*PRI A5*PP IB5*VRFQ**PR IC 5/1000. 


CREG=PP IA6 
CMV=PR  I A7 

CPSN2=PP  IA8*ICGT*CREG*CMV)*PRIB8 
IFIKFM.NF.3)  GO  TO  2000 

CPSSGG=  1 • l*PR l A9*PR l B9* ( PR IC9* (PR  I D9/GGW) **PR1 E9*GGW*PR I F9 ) *PR IP9 
IFlKFM.Nr.2l  GO  TO  3000 
CPSMGG*PP  1 A 1 C 
IFIKFM.NF.4)  GO  TO  40CC 

CPSR  AM=  1 .1*PR  IAI  1*(PR  IBll*(PR!Cll*PRI011*HPPUMP)-PRIEll*HPPUMP 
1 **PR IF  1 1 I *PR IG  1 1 
CONTINUE 
CPS=0. 

IF  IKFM  .FO.  1)  CP  S*f P SN2 

IF  IKFM  .EQ  , 2)  CPS^CPSMGG 

IF  IKFM  .rg.  CPS-CPSSGG 

IF  IKFM  .FO.  4)  CPS=CPSRAM 

CL F = PR I A 17*PR  I B 1 2* I P P IC 1 2/MTF UEL ) **PRI  012 *WTFUFl /l 000 .*PR I F 12 
CL  F|  =1.1*<>P|  A13*PP  IB  13*  (PR  IC  l 3 /WTF UF l ) **PRI 01 3*WTFUFl* PR  IF l 3 
C PL C * 1 . 1*PR I A 14*PP IP14*CFCASU* (PR IC14/WMC) **PRI014  *VMC  *PP I F 14 
CRMC*  I.  1*PR 1 A 15* PP IP  1 5*PFCASU* (PR  I C l 5/ WMC ) **PP l 0 1 5 *W*C* PPI E 1 5 
Cl l*l.l*PR I A lf*PRIB16*(PR|C16/VPI I **PP l 016*VR l *PR I F 16 


PIRC05B0 
Pf RC0590 
PIRC0600 
PIRC0610 
PIPC0620 
PIRC06T0 
P I RC0640 
PJRC0650 
PIRC0660 
PI RC0670 
PI RC06P0 
PI RC0690 
PI  RCO 700 
PIRC0710 
PIRC0720 
PTRC0730 
PIRC0740 
PI RCO  750 
PI RC0760 
PI RCO 770 
PIRC0780 
PIRC0790 
P I RC0800 
PIRC0810 
PIRC0P20 
P1RC0830 
PI RC0940 
PIRC0P50 
PIRC0860 
PIRC0870 
P1RC0880 
P| RC0B90 
PIRCOOOO 
PIRC0910 
P1RC0920 
PIRC0930 
PI RC0940 
PIRC0950 
P I RC0960 
P IRC0970 
P IRC09R0 
P IRC0990 
PI PC1000 
PI RClOl 0 
PI RC1020 
PI  RC 10  30 
P IRC  1040 
P IRC  10 50 
PIRC1060 
°l RC1070 
PI RC 1080 
PIRC1090 
P t R C 1 100 
P IRC  1 l 10 
PIRC1  l.'O 


r>  r\n 


■■ 


- — • 


• ■ 


18 

19 

20 
21 
22 
23 


26 


27 


PfICT  M/A 

DiLJI  ri'i  L\ 


ii  4 1|  a r 


17 


CN07*1.  1*PR  IA17*PP  IP  17*  (PRIC  1 7*PR  I 01 7*2.  *R5*PR  I F 17  * V 1 ) *NCZWT 
1 ♦PRIF17 

CPPC=PP I A18*PR  IB  18/1000.* (PRIC18/MP)**PRID1 8*MP*PR  I E18 
CPir*l.  1*PRI A19*PR IB  19*  I PR  If 19/MP)**PRI019*MP«-PRIE  19 
C IGN=PR I A20 
CSA=PR IA21 

CP00t*PR  IA22* ICBLC ♦CBMC*CLI*C N0Z*CPRC*C  PLC*C I GN+CSA1+PRIR22 


PIRC1130 
PI  PC  1 1 AO 
P IRC l 150 
P IRC  1 160 
P IRC  1 170 
PIRC11P0 
PIRC1190 


C IRJ  FU*PR  I A 2 3*1  l.+PRJC  1*  ( 1 . 15*PR  I B23*(  CT+CFX I N«-CPS*C  LF+CLF  l+CRCOC)  P ! RC  1 200 


. *PR I C231 

P IRC  12 10 

CPFU*CIRJFU 

PI RC 1220 

PROFPR*CIRJFU*PR JC/I l.+PRJCI 

PIRC1230 

C IRJRO= ( l.*PRJC 1*PRI A26*( PR IB26* 1. 18A*PRI D26*0C  OM* FRIC26) 

PIRC12A0 

CRPS*C  IRJRD 

P I R Cl  250 

CT  IRJ  =C  IRJFU+CIR  JRO 

PI  RC1260 

CTL«CTl  *PR  I A 23 

P IRC1270 

CTM*CTM*PR  I A 23 

PIRC12R0 

CT  *CT  *PR I A23 

PIP  Cl  290 

CEX I N*C  E X IN*PRI A23 

P IRC  1300 

CGT«CGT*PR I A23 

P I PC  1 3 10 

CREG«CREG*PRIA23 

PIRC1320 

CMV*CMV*PR IA23 

PI  RC1330 

CPSN2*CPSN2*PR I A 23 

PIRC13A0 

C °SSGG*CP SSGG*PR  IA23 

PI  RC 1 350 

CPSMGG-CPSMGG*PR IA23 

PIRC1360 

CPSR AM*CPSRAM*PR IA23 

PI RC 1 370 

CPS=CPS*PR IA23 

PIPC1 3fl0 

CL F*CL  F*PR IA 23 

PIRC1300 

CL  FL*CL  FI  *PR  I A23 

PI  PCIAOO 

CPLC*CBLC*PR  I A23 

P 1 RC 1 A 10 

CPMC*CBMC*PRIA23 

PIRC1A20 

CL I*CL I*PR I A23 

PIRC1A30 

CN0Z»CN0Z*PRIA23 

PIRC1AA0 

CPRC«CPRC*PR I A23 

PIRC1A50 

CPLC-CPLC*PRIA23 

PIRC1A60 

C ICN=CIGN*PR I A 23 

PIRC1A70 

f S A*f  S A*PR  I A23 

P I RC 1 ABO 

C8PnC*CPP0C*PRI A23 

PIRC1A90 

IF  IIPRCST  .NE.  Cl  WRITF  (6? ERRPRT1 

P I RC 1500 

RFTUPN 

PIRC1510 

END 

PIRC1520 

SUBROUTINE  PNRCST 


NON-INTEGRAL  RAMJFT  SUSTAINER  PROPULSION  COST 


R«Al  NOZWT.MP 

COMMON  /COM  VL  S/  WTANK  ,VF  X I N,  VRE  Q,GG  N,H  PPUMP  ,HT  FJ  E L,W  CCMM,  VC  OM  I , 

1 P5»YlfWNnz,KFMf MATTK ,A,DCnM,WMC, VBI »OTHRT  »RND  ZI  ,NC7WT, MP,C ASF M, 

2 FNFT,WT*WF»FMAXtS«TA»MF TTJ.ZXNB  ,0 , WM , FC ,PPE AK, BS P , NCFT * C A , WCS , 

3 WWH,NTCtWTP.WGGtNSC,WLV»VGTfWO,WP.OP,WN»METAL.NCCNPG 

COMMON  /COSTIN/  PRIAl,PRIA2,PRJC,PRIA3,PPIB3,PRIAA,PRirA,PRI A5, 
tPPIA6,PPIA7,PRlA8,PR|RP,PRIA<5f  PRIG  9.  PR  I Al  0 , PR  l Al  l , PP  I G 11  ,PRI  A12, 
2PRIB12.PP IE  12, PR IA13,PPIFl3tPRIAlA,PRIFlA, PRI Al  5 , PR  I F l 5 ,PP IAIN, 


PNRC0010 
PNRC0020 
PNRC0030 
PNBCOOAO 
PNRC0050 
PNR  C0060 
PNRC00  70 
PNRC0080 
PNRCOOOO 
PNPC0100 
PNRCOllO 
PNRC0120 


B-  23 


1 


3PPIF  16,PPl A17,PPIF17,PRIA18,PRIB18,PRIE18,PRI  A19 , PRI El  9 , PR  I A20  , PNRC0130 

APR  I A 2 1, PPI A 22. PR IP22.PRI A23, PR  I B2 3 ,PR I C23 , PR l A24, PPIC24,PRl A25,  PNRC0140 

5PRIR25.PP IA26,PRIP26,PRIC26,PRNAl ,PRNA2  ,PRNA3  ,PRNB3  . FPNA4, PRNE4,  PNRC0150 
6PRN A5,PRNA6,PRNA7,PRNA8»PRNB8»PRNA9, PRNG9  »PRNAlO  «PRM11,PRKG11,  PNROOlfcO 
7PRNA1 2, PRMB 1 2.PRNE  12, PR  NA 1 3,  PRNF 13»PRNA14»PRNE14»PRNAL5»PRNA16,  PNRC0170 
PPRNA17,  PPN  A18,PRNB1B,PRNA19,PRNB19,PRNC19,PRNA20,PRNC20  ,PRNA21  , PNRCOIPO 
9PPNB21,PPNA22.PRNB2?,PRNC22»PLPC , PLA 1 , PLA3 , PLB3 , PL A4, PI A6 , PL A8 , PNRC0190 

APLB8.PLA9.PL A 1 1, PlB 1 1 , PL A 13 , PLBl 3, PLC 1 3 , PL013 , PL A 1 4 , PL014, PLA15,  PNRC9  200 
BPLB 15.PLE15.PLF 15.PLA16, PLE  16,PLA17»PLA18»PLB18 , PLC 18, PLA1 9, PL  A20,  PNRC0  2 10 
CPI B20,PLA21,PLB21,PLC21,PTA1,PTD1 ,PTA4,PTB4  ,PTA5 ,PTB5 ,PTE5 . PT A6 , PNRC0220 
CPTF6,PTA7,PTB7,P  TC7.PTJC ,PTA8,PT08,PTA9,PTB9tPTAlO  ,PT8 10 , PTC  10,  PNRC02  30 

EPFA3,PEB3,PEA4,PEE4,PEA5,PEF5,PEA6»PEB6»PEE6»PEA7,PEE7,PFA8»PFA9,  PNRC0240 
FPEA10,PEP1C,PECIO,PEA11,PEB11,PEE11,PEBC,PSPC,PSA3  ,P$P3 ,PS A4,PSF4,ONR00?50 
GPS A 5, PS F 5, PS A6, PSF 6, PSG6.PSA7, PSF7.PSA 8.PSA9.PS A10,  PSR|0,PS CIO,  PNRC0260 

HPSAll,PSBll,PSEll,CFT, PFT.CFCASE .PFCASE ,CFC, PFC ,CFP, PFH, JVFAR  PNRC0270 

COMMON  /CO  ST  IN/  PR  IP  1 , PR  IC  1 .PR  I B2  , PR1C2  »PR  I B4  » PR  I C4  » PR  104,  PR  I P5»  PNRC02  89 
lPRIC5,PRIB9,PRIC9,PRins,PRIE9,PRIF9,PRIBll,PRICll,PRinil,PRlEll,  PNRC0290 
2PR!F11,PR I C 12, PR  10 12, PR  IB  13, PR IC 1 3 , PR1  013 , PRI B14  , PR IC14 , PR l 014 , PNRC0  300 

2PRIB15,PRTC15,PR 1015, PR  I B 16, PR IC 16, PRI 016, PR  I B17 ,PP I Cl 7 ,PR 1C 17 , PNRC0  310 

4PRIE17, PR IC 1 8, PR ID1 8, PR  I B 1 9,PRIC 19, PR  ID  19, PRI B24,PRNP1 , PRNCl,PRNP2PNRC0  320 

5,  PRNC2, PRNB4, PRNC4, PRND4,PRNB5,PRNC5,PRNB9, PRNC9,PRNC9,PRNE9,PRNF9PNRC0330 

6 , PRNB 1 1,PRNC 11, PRND 1 1, PR  NE 1 1 , PRNF 1 1 , PRNC 12 , PRND12 , PRNB1 3, PRNC1 3,  PNR00340 

7 PPN 0 13, PRNB14, PRNC 14, PR NO  14, PR NB 15 ,PRNC 15,PPND15,PRNB16  .PRAC16,  PNRC0350 
8PRN016,PRNB17,PRNC 17, PR NO  1 7, PRNE 1 7, PRNB20, PLBl ,PLC  1 ,PLA2,PLB2, PLB4PNRC0360 
9,PLC4.PLA5,PLB5,PLB6,PLC6,PLA7,PLB7,PLB9,PLC9,PLA10,PLB10,PLA12,  PNRC0370 
APLB12,PLB14,PLC14,PLC15,PL015,PLB16,PLC16,PL016,PLB19 ,PLC19,PTBl,  PNRC03R0 
BPTC1 ,PTA2,PTB2,PTA3,PTR3,PTC5,PT05,PTB6,PTC6,PT06,PTP8,PTC8,PE Al,  PNRC0390 
CPFB1,PEC1,PEA2,PEB2,PEC2,PEB4,PEC4,PE04,PEB5,PEC5, PF05, PFF5.PEC6,  PNPC0400 
CPF06,PEB7,PEC7,PE07,PEC11,PE011,PSA1 ,PSBl ,PSC1 , PS A2.PSB2.PS C2, PSB4PNRC0410 
E,PSC4,PS04,PSB5,PSC5,PS0  5,PSE5,PSB6,PSC6 ,PSD6 ,PSE6  ,PSB7 ,PSC7,PS07, PNRC0420 
FPSE7,P5C11,PS01 1 ,PRND22, PLD21, PLE21,PT010,PTE10,PRI026  PNRCO430 


1AFG2, AFA3.AF83, 
2AFA6, AFP6, AFG6, 
3AFC9, AF09.AFJ9, 
4AFC12.AF012, AFA 
5WA2, M02,WF2,KGA 
«KLF6,KGT6,KSTAB 
7CP4,  CM4,  GAS,  C-B5 
CTMMON  /CnsTIN/ 
1AF03, AFE3,  AFF3, 

' 2AF06, AFF6.AFF6, 
3AFC10, AFE10, AFF 
4MP2, WC2 ,CB  1, CC  l 
5CE2,  CF2,GG2,GH2 
6GM3, ON?, OP 3, GC4 
7GF5,GG5,CFTTABI 


GF5,GG5,C.FTTAB(  lll.PFTTABI  111 

COMMON  /CSTPRV/  CBLC,C8MC,CCASE,CCFU,CCL,CCM,CCCMI ,CCOML,CCOMM, 
rCONT,CCRD,CEBFU,CEBRO,CETJ,CEXIN,CGFU,CGRn, 

rGT.CGTOT.C IGN,CIRJFU,  OIPJRO,  CLF ,CLFL .OLGG.fLI ,CLM 

clrfu,clpro,clpt,cltc,cltp,cm,cmgg,cmr,cmtc,cmtp, 

CMV, CNOZ, CNRJFU,  CNRJRO,  C P.CPAF l »fPFNG»CFl,CPLC» 

CPMrGL,rPMFGM,CPOA,CPR ,CPRC , CPS ,C PSMGG ,C PSN2 ,CPSR A* ♦ CPSSGO , 

CPT  HOL  ,CR  AF  1 ,CRnFV,CREG,CRENG,r.RF  TO,r  R JC  ,CR  MEG  l , CPRFGw,r,ROA, 

’ CRTOHL ,CSA,CSRFU,CSRRO,CSPT,CT,CTAF I ,C TC ,0 TFR ,CT  t P J ,CT JFU , 


PNRC0510 
PNRC0520 
PNRC05  30 
PNRC054O 
PNRC0S50 
PNRC0560 
PNRC0S70 
PNRC05B0 
PNRC0590 
PNRC0600 
PNRC0610 
PMRC0620 
PNRCOS  30 
PNR00640 
PNRC0650 
PNR 00660 
PMRC0670 
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8 CTJL  F,  CTJL  FI  .CTJPO.C  TJT  , C TL , C TM, C TNP J tCTP  , CWF ,CWHFU ,CW HP,  PNRC0680 

9 CROnCt  CPPS.C  PFU.PROFPR  , PRFUA  F f PR  RAF  ,C  Cl  B f CC.MB , CTC  6 , CL  T B ,CNr?B  , PNRC0690 

A CPRB,CPLR,CIGNR,CSAB,PROFFX  PNKC0700 

NAMELIST  /EPPPRT/  CTL*CTM»CT»CFXlN»CGT,CREG»CMV,CPSN2*fPSSr.Gt  PNRf.O  7 LO 

1 rPSMGG,CPSRAM,CLF,CLFl,CCOML,CCOMM,Cr  OMI ,CNOZ ,CR JC , CNR JFU , PNRC0720 

2 CNR  JR  Of  C TNR  J »CPS  PN PC, 07 BO 

CFTU*CFTTAB(MATTK»  PNRC0740 

PFTU=PFTTAB(MATTK)  PNRC0750 

1=  CAS  EM  PNRC3  763 

CFCU=CFTTAB(  I ) PNRC0770 

PFCU*PFTTAB( I J PNRC0780 

IF  ICFT  .NE.  0.1  CFTU=CFT  PNRC0790 

IF  I PFT  .NE.  0.)  PFTU=PFT  PNRCOROO 

IF  tCFC  .NF.  0.»  CFCU=CFC  PNRC0810 

IF  I PFC  .NE.  O.J  PFCU=PFC  PNRC0820 

1 CTL»1.059*PRNA1*PRNB1*CFTU*WTANKM*PRNC1  PNRC0830 

2 CTH»1.059*PRNA2*PRNB2^PFTU*HTANK**PRNC2  PNRC0840 

3 CT=PRNA3*(  CTL+CTMH-PBNB3  PNRC0850 

CEXIN  « 0.0  PNRC0860 

IF  I VEX  IN  .EQ.  0.0  ) GO  TO  9991  PNRC0870 

4 CEXIN»l.l*PRNA4*PRNB4*(PRNC4/VEXlNI**PRND4*VFXIN*PPNF4  PNRC0880 

9991  CONTINUE  PNRC0R90 

IFIKFM.NE.il  GO  TO  1000  PNRC0900 

5 CGT» 1.059*PRNA5*PRNB5*VREQ**PRNC 5/1000.  PNRC0910 

6 CREG*PRNA6  PNRC0920 

7 CMV=PRNA7  PNPC0930 

8 CPSN2*PRNA8*ICGT-K:REGKMV)*PRNB8  PNRC0940 

1CC0  IFIKFM.NE.3I  GO  TO  2000  PNRC0950 

9 CPSSGG=1.1*PRNA9*PRNB9*( PRNC9* (PRN09/GGW) **PRNE9*GGM*PRNF9 I 4PRNG9  PNRG0960 

20CO  IFIKFM.NE.2I  GO  TO  3000  PNRC0970 

10  CPSMGG=PRN A10  PNRC0980 

30C0  IFIKFM.NE.4I  GO  TO  4000  PNRC0990 

11  CPSR AM=1.1*PRNA1 1* I PRNB 1 l* I PRNC 1 1+PRND1 l *HPPUMP)-PRNEl 1 *HPPUMP  PNRCLOOO 

1 **PRNF11MPRNG11  PNRC1010 

4CC0  CONTINUE  PNRC1020 


CPS=0. 

PNRC1030 

IF  IKFM 

.EQ. 

1) 

CPS-CPSN2 

PNRCI040 

IF  (KFM 

.EQ. 

2) 

CP  S=CP  SMGG 

PNRC1050 

IF  (KFM 

.EQ. 

3) 

CPS=CPSSGG 

PNRCl 060 

IF  (KFM 

.FQ. 

4) 

CPS*CPSR AM 

PNRC1070 

CLF=PRN  A12*PRNB12*IPRNC  12/WTFUEL  1**PRND12*WTFUEL/1Q00 .+PRNE12 
CLFL  = 1.1*PRN  A13*PPNB13*IPRNC  13/WTFUEU**PRND13*WTFUEL+PRNE13 
CC OMI  =PPNA14*PRNB14*1 .1*C ECU*  (PRNC  14/WCOMM)  **PRN014*WCCMM 
CCnMM=l.  i*PRNA15*PRNB15*PFCU*IPR NC l 5/WCOMMI 44PRN01 5*MCCMM 
CCOM  t=  1.1*PRNAL6*PRNB16*(PRNC16/VC0MI )**PRN016*VCOMI 
CNOZ  = I.  1*PRNA17*PRNB 17*1  PR  NCI 7+PRNDl 7*R5*PRNE17*Yl l*HNOZ 
f RJ C=PRN A 1 8* ( CCOML  ♦CCOMM«-CCOM|  *C  NCZ  I + PRNB1  8 

CNRJFU=PRNA19*1  1 . *PR  JC  )* ( l.  I 5*PP  NB  l 9*(  C T+CEX  IN*CPS*CL  F-»CLFL*CP  JC  I 
1 ♦PRMC19) 

CPFU=CN!RJFU 

PPOFPR*CNRJFU*PR  JC/(  1„»PPJC> 

CMRJRn=(  1 ,+PRJC  )*PRNA?2*!PRNB22*l.lB4*PRNn??*r>C0M*PRNC?2l 
CPP  S-CNR  JR  (1 
CTWPJ=CMRJFU*CNR  JP 0 
CTl=CTl *PPN A 19 
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PNRC1080 
PNRC1090 
PNRC1100 
PNRC1110 
PNRC1120 
PNRC1130 
PNRC1 140 
PNRC1 150 
PNRC1160 
PNRr 1170 
PNRC1  180 
PNRCl IPO 
P"RC 1200 
PN'RCI  210 
P^'^C  1 ??0 


P*v  9 


* r 

w * 


T * 7 


ct=ct*ppv  ms 

CFX IN=CEX !N*PRNA19 
CCT=CGT*PRNA  19 
CP  FG=  CP  FG*PRN  A 19 
C*V  = CMV*PRNA  19 
CPSN2=CPSN2*PRNA19 
CPSSGG=CPSSGG*PRNA1« 
rPSMGG=fPSMGG*PRVA19 
CPSR AM=CPSRAM*PRNA19 
CPS=CPS*PPNA  19 
Cl  F=CL  F *PRN  A 19 
CL  FI  =CL  FI  *PRN  A 19 
CCOML  =CCOML*PRNA  19 
cccMv=rrrvM*pR»jAi9 
CCnMl=CC0*1I*PRMA19 
CN0Z=CN07  *PRN A 1 9 
CRJC=CRJC*PRNA19 

IF  1 IPRCST  .NE.  0)  WP1TE  (6.ERRPRT) 

RETURN 

END 


PNRC1230 
PNRC1240 
PNRC1250 
PNRC1260 
PNRC1270 
PNRC 12B0 
PVRC 1290 
PVRC 1300 
PNRC1310 
PNRC1320 
PVR Cl  330 
PNRC1 140 
PN9C1350 
PMRC1360 
PVR  Cl  370 
PVRC13R0 
PMP  Cl  390 
PNRC1400 
PNRC1410 
PNRC1420 


SUPPPUTINF  PTJCST 


TURBOJET  PROPULSION  COST 


PPfClT,PR  tri7, 
PPVPl , PR NT  1 , PPV« 


PTJC0010 
PTJC0020 
PT  JC0030 
PT JC0040 
PT  JCOOSO 
PT  JC.0060 
PT  J COO  70 
PT JC0080 
PT JC0090 
PT JC0100 
PT JCOl  10 

prjcnuo 

°T  JC0130 
PT  JC0140 
PT JCO  150 
PT JC0160 
PTJC0170 
PTJC0180 
PT JC0190 
PTJC0200 
» PT  JCO? 1 0 
PT JC0220 
PT JCO 230 
PT  JCO? 40 
• PT  JCP2S0 
PT JC0240 
PT  JC02  70 
f PT JC02R0 
PT JC0290 
PT  JCO 300 

pt jroTio 

2PTJCO320 
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5,  PRNC2,  PRNB4,PKNC4,PPNP4,okNB5,PRNC5,PRNB9,PRNC9  ,PRK09,  PPNF9,PRN'FSPT  JC.O3  30 

6, PRNP11 ,PRNC 1 1, PRN01  l.PRNEl l ,PRNF 1 l , PP NCI 2 , PRN012 , PPNB l 3 , PRNC 1 3,  PT  JC0340 

7PRNO  13, PPNP14,PRNC 19 , PRND  14 , PRNB 1 5 ,PRNC 1 5 , PR ND1 5 , PRN P16 ,PRNC16 , PT JC0350 
RPPND16, PRNB 17, PRNC l 7 , PPND 17, PRNF 17, PRNB20 , PLB1 , PLC  l , PL  A2  , PL  P2  , PL  P4 PT  JCO 360 
9,PLC4,PLA5,PLB5,PLB6,PLC6,PLA7,PLR7,PIB9,PLC9,PI A10.PLB10, PLA12,  PT JCO 370 
A Pj_B4-^rP  t PI  ArPt-C  14.PLC  IB,  PL015,  PLB16,PLC16,PLni6,  PLP19.PLC19,  PT  PI,  PT JC0380 
BPTC1 ,PT A2,PTB2,PTA3,P YR  3,PTC5,PTP5 ,PTP6 ,PTC6 ,PT06 , PT RB , PT CB , PF A 1,  PTJC0390 
CPFPl,PFCl,PEA2,PFB2.PFC2,PFB4,PFCA,PEn4,PFB5,PEC5,PEC5,PECB,PPC6,  PT JC04P0 
CPF06, PEB7,PCC7,PEP7,PFC 1 1 ,PEO 1 1 , PSA l , PSB1 ,PSC1 ,PS A2  ,PS 82 , PSC2 , PS B4PT JC04  10 
E,PSC4,PSn4,PSB5,PSC5,PS0  5,PSF5,PSB6,PSC6,PSD6,PSE6  ,PS  P7  , PSF  7 ,PS07  , PT  JCO 420 
FPSE7,PSCll,PSni l,PRN022,PLn2l,PLE21,PT010,PTE10,PRin26  PTJCO430 

COMMON  /COSTIN/  PROFIT, 00, R,AFAl,AFBl,AFCl,AFOl,AF!l,AFA2,AFe2,  PTJC0440 
1 AFG2, AFA3, AFB3, AFG3,AFA4,AFB4, AFC4,AFP4,AF J4 ,AFA5 , AFB5, AFC5, AFH5,  PT JCO 450 
2AFA6, AFP6, A FG6 , A FA  7, A FC 7, AFO 7, AF A 8, AFB8,AFC8 , AFD8 , AF 10 , AT A9 , AF  P9 , PTJC.0460 
3AFC9, AFC9, AFJ9, A FA  10,AFB  10, AFC  1 0, AFH 1 0 , AF A 1 1 , AF B 1 1 , AFG1 1 , A F A 12 , PT JCO 4 70 

4 AFC  12, AFO  12, AFA 1 3, AFB 13 , AFC  13, AF A 14, AF B 14 , AFC14 , KFUZE ,WAl ,WF 1 »WF1 , PT JC04P0 
5WA2,W02,WE2,KPA IN.CA 1,CF 1,CF1  ,CA2  ,CE2 ,CF2 ,CA3,CF 3 , CF3 ,G A l , GBl , GF l, PTJC0490 
6KLF6,KGT6,KSTAB,KAGATF,NCHAN,KSGATE,GA2,GB2,GK2,GA3,GB3,GQ3,GA4,  PTJC0500 
7CP4, CM4,GA5,GB5,GH5,KG,KC ,KW ,K A, KP, I GT YPE , ICTYPE , I PRCST  PTJC0S10 

COMMON  /COSTIN/  AFE  l , AFF 1 ,AFG1 , AFH l , AFC2 ,AFD2 , AFE2 , AF F2 , AFC3 , PT  JC0520 

1AFC3, AFE3, AFF3, AF E4, AFF4 , AFG4 , AFH4, AF I 4, AF05 , AFE5 , A FF5 , AFG5, AFC 6,  PT JCO 530 
2AFC6, AFE6, AFF6, AFB 7, A FE 8 ,A FF 8 , AFG 8, AFH 8 , AFE9 , AFF9 , AFG9 , AFH9 , AF 19,  PT  JCO 540 
2AFD10,AFFIO,AFF10, AFG10, AFC  1 1 , AF01 1 , AFE 1 1 , AFF 1 1 , AF P 12 , WPl , WC1 , MCI , PT  JC0550 
4WP2»WC2*CB1»CC1»CP1»CB2*CC2*C02»CB3,CC3»CD3,GC1*G01*GEI*GC2 ,G02,  PT JCO 560 
5GF2, CF2,GG2,GH2,GI 2,GJ2,GC3,G03,GE3,GF3,GG3,GH3,GI 3,GJ3,GK3,GL 3,  PTJC0570 
6CM3,GN3,GP3,GC4,  GO  4,GE  4 ,GF4,GG4»GH4  ,G  I 4 ,G  J4  ,G  K4  , GL4  ,GC5  »G05  , GE5  » PTJC0580 
7CF5,GG5*CFTTAB( 1 1) ,PFTTAB( 111  PTJC0590 

CrMMON  /CSTPRV/  CPLC,CBMC  ,CCASE,CCFU,CCL,CCM,CCCM!  ,CCCML,CCOMM,  PTJC0600 

1 CCONT, CCRD, CEBFU.CERRD.CET J,CEXI N,CGFU,CGRO,  PTJC0610 

2 rGT,CCTOT,CIGN,CIRJFU,  CIRJRD,  CLF ,CLFL  ,CLGG  ,CL  I ,Cl M,  PTJC0620 

3 CLRFU,CLRRD,CLRT,CLTC,CLTP,CM,CMGG,CMM,CMTC,CMTP,  PTJC0630 

4 CMV, CN07 ,CNR JF U , CNRJRD,  CP.CPAF1 ,CPFNG » C FL» CPLC,  PTJC0640 

5 FPMFGL ,CPMFGM,CPOA,CPR,CPRC ,CPS,CPSMGG ,CPSN2 ,CPSR AM,CPSSGG,  PTJC0650 

6 CP TOOL ,CR AFI ,CROFV,CRFG,CRENG,CRFTO,CRJC,CRMFGL,CRMFGM,CRQA,  PTJC0660 

7 CP  TOOL , CSA,CSRFU,CSRRO,CSRT,CT,CTAFI,CTC,CTEB,CTIRJ,CT JFU,  PTJC0670 

a CTJLF,  CTJLFL,CTJRO,CTJT,  CTL,CTM,CTNRJ,CTP,CWH,CWHFU ,CWHR,  PTJC0680 

9 C.BOOC,CRPS,CPFU,PROFPR,PRFUAF,PRRAF  ,CCLB,CCMB,CTCP,CLI  B.CN07B,  PTJC0690 
A C.PPB,CPLB,C  IGNB.C. SAB.PROFEX  PTJC0700 

CIMENSION  CFTARY(3),PFTARY(3)  PTJC0710 

NAMFl  1ST  /FRPPRT/  CE  T J ,C  TL  ,C  TM  ,C  T ,C.  T JLF  ,CT  JLFL  ,CT  JFU  , PTJC0720 

l CT  JR  0 ,C  T JT  PTJC0730 

CATA  CFTARY/.2,  l.«  1./  PTJC0740 

PATA  PFT ARY/. 287, 2. 571,1./  PTJC0750 

CFTU  = CFTAPY(METTJ)  PTJC.0760 

PFTU=PFTARY(MFTTJ)  PTJC0770 

PTB  IU=  1.52  PT JC.0780 

PTC 1U= • 6 PTJC0790 

IF  I T4  .CE.  2060.1  P TB 1U=3.  CR  PTJ C0800 

IF  ( T4  .GT.  2360.1  PTP1U»5.64  PTJC0R10 

IF  ( C.  FT  .ME.  0.1  C FTU*CF  T PTJC0320 

IT  ( PFT  .NF.  0.1  PFTU=PcT  PTJC0830 

IF  ( PTB  1 .NF.  0.1  PTP  1U  = P TB  l PTJC0P40 

IF  (PTC l .NF.  0.1  PTC 1U=P TC 1 PTjrOBSO 

C r TJ  = P T A 1 *P  TB  1U*  FN  E T**  P TC.  IU*  1 . 22  2*  P T01  PT  JC0B60 

CTL  = 1.0'9*PTA2*C  FTU*WT**PTB2  PT  JC.0  8 70 
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3 

CTM  = 1.  r5°*PTi3*p  FT*J*WT**PTR  3 

PT  JC0889 

4 

CT=PTA4*(CTt ♦CTMI+PTR^ 

PT JCOR90 

5 

f T JL  r=P TA5*PTR5*(P TC5/WF  1 **P  Tn  5* WF  /l  000.  ♦ P Tp S 

PT JC0900 

6 

CTJl  F|  = 1 ,1*PTA6*PTR6*IPTC6/WF J **P T06*WF*PTF6 

PT  | COO  1 0 

7 

CTJ  Fl)  = P T A 7* ( l .*P  TJC  )*  ( l.  15*PTR  7*  ( CE  T J+  C U C T Jl  F«-C T J l F L ) ♦ PT  C7  ) 

PT  J CO 9 20 

CPFIJ  = CTJFU 

PT  J C 0 9 T 0 

ppOFPR  = fTJFL'*PTJC/(  l.tPTJC  > 

PT  JC0940 

10 

CTJRr  = PTA  IC*(PTR  lp*l.A6?*PT010*FMAX**PTF 10  + PTr 101 *( 1 .♦PTJC) 

PTJC0950 

CP  P S=C  T JF  n 

PT JC0960 

11 

CTJT=CTJFIJ«CT  JRD 

PT  J C 997  0 

CFTJ=CFTJ*PTA7 

PTJC09R0 

CTl=CTl  *P  TA  7 

PT J C09op 

C TM  =C  TM  *P  TA  7 

PT  J Cl  000 

CT=r T*PTA7 

PT  JC.IOIO 

CTJl F = C T Jl F *P  T A 7 

PT  JC.  10  20 

CTJLFL=CTJLFl*PTA7 

PT JC1030 

IF  IIPPCST  .NF.  0)  WRITE  I6.FPRPRT) 

PTJClO'tO 

RFTIJRN 

PT  J Cl  050 

END 

PT  J Cl OhO 

Vj 

I 


Table  1.  Module  Index 


MODULE 

COMMENTS 

PAGE 

COST 

RCM  Executive 

B-3 

AAICST 

Airframe  and  Integration  Cost 

B-7 

GUCOST 

Guidance  System  Cost 

B-9 

CTCOST 

Controls  System  Cost 

B-  1 1 

WHCOST 

Warhead  Cost 

B-  13 

PLRCST 

Liquid  Rocket  Sustainer  System 

Cost 

B-  14 

PEBCST 

External  Booster  System  Cost 

B-  16 

PSRCST 

Solid  Rocket  Sustainer  System  Cost 

B-  1 8 

PIRCST 

Integral  Ramjet  System  Cost 

B-  20 

PNRCST 

Non-Integral  Ramjet  System  Cost 

B-  23 

PTJCST 

Turbojet  Sustainer  System  Cost 

B-  26 

B-29  (reverse  side  blanks 


